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SECTION  I. 

INSTITUTE  ANNOUNCEMENTS. 

This  section  contains  announcements  of  general  interest  to 
the  members  of  the  Institute  but  not  always  of  sufficient  per- 
manent value  to  warrant  republication  in  the  volumes  of  the 
Dransaetions. 


American  Institute  of  Mining  Engineers* 

(Orsantod  ia  187S»  and  Incofponttod  ia  )9060 

OFFICERS. 

For  the  year  ending  February,  igo6. 

SDirectore. 

JAMES  GAYLEY  (Preridcnt),  R  W.  EAYMOND  (Secretary;, 
FBANE  LYMAN    Tieiuurer). 

T.  A.KICKARD Niw  Yobk,  N.  Y. 

CHABLES  H.  SNOW New  York,  N.  Y. 

R  W.  RAYMOND New  York,  N.  Y. 

(Terms  expire  February,  1906.) 

JAMES  GAYLEY New  York,  N.  Y. 

PRANK  KLEPETKO New  York,  N.  Y. 

FRANK  LYMAN New  York,  N.  Y. 

(TermB  expire  February,  1907.) 

JAMES  DOUGLAS New  York,  N.  Y. 

JAMES  F.  KEMP New  York,  N.  Y. 

ALBERT  R.  LEDOUX ...New  York,  N.  Y. 

(Termi  expire  February,  1908.) 

(EEottmil. 

President  of  the  Council. 
JAMES  GAYLEY. 

Vice-Presidents  of  the  Council. 

GEORGE  W.  MAYNARD. New  York,  N.  Y. 

JULIAN  KENNEDY Pittsburg,  Pa. 

CHARLES  D.  WALOOTT Washington,  D.  C. 

(Terms  expire  February,  1906.) 

WILLLIM  P.  BLAKE Tucson,  Ariz. 

THOMAS  F.  COLE Duluth,  Minn. 

IRVING  A.  STEARNS Wilkes-Barre,  Pa. 

(Terms  expire  February,  1907.) 

(Eonnrilore. 

FRANK  KLEPETKO New  York,  N.  Y. 

BENJAMIN  B.  LAWRENCE New  York,  N.  Y. 

HEINRICH  RIES Ithaca,  N.  Y. 

(Terms  expire  February,  1906.) 

F.  L.  GRAMMER Baltimore,  Md. 

JOSEPH  HARTSHORNE Potmtown,  Pa. 

CHARLES  H.  SNOW New  York,  N.  Y. 

(Terms  expire  February,  1907.) 

A.  A.  BLOW Washington,  D.  C. 

FRANK  LYMAN New  York,  N.  Y. 

T.  A.  RICKARD New  York,  N.  Y. 

(Terms  expire  February,  1908.) 

Secretary  of  the  Council. 

R.  W.  RAYMOND New  York,  N.  Y. 

(Term  expires  February,  1906.) 

Blair  &  Radd,  New  York,  N.  Y.,  Consulting  Attorneys. 
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BI-MONTHLY  BULLETIN. 

For  the  convenience  of  persons  who  desire  to  file,  or  other- 
wise use  separately,  the  technical  papers  in  Section  U.  of  the 
Bulletin,  each  of  these  papers  has  been  paged  and  wired  by 
itself;  the  whole  collection  being  held  together  by  a  single, 
heavy  wire,  upon  the  removal  of  which  it  will  fall  apart  into 
individual  pamphlets,  substantially  like  those  formerly  issued. 

A  small  stock  of  separate  pamphlets,  duplicating  the  tech- 
nical papers  given  in  Section  II.  of  this  Bulletin,  is  reserved  for 
those  who  desire  extra  copies  of  any  single  paper. 

All  communications  concerning  the  contents  of  this  Bulletin 
should  be  addressed  to  R.  W.  Raymond,  Secretary,  99  John 
St,  New  York  City  (P.  0.  Box  228;  Telephone  number  5477 
John). 

The  present  issue  comprises  a  List  of  Members,  corrected  to 
November  15, 1905,  which  can  be  easily  detached  for  conve- 
nient use.  Extra  pamphlet  copies  of  this  list  can  be  obtained 
by  members,  postpaid,  upon  remittance  of  60  cents  per  copy. 
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LIBRARY. 

The  following  volumes  are  needed  to  complete  sets  in  the 
library  : 

Berg-  vnd  Silitenmannische  Zeitungj  volumes  i.  to  xxi.,  inclu- 
sive. 
NoETH  OF  England  Institute  of  Mining  and  Mbchanical 
Enginbbbs,  Transactions^  volumes  xxiii.  to  xxvi.,  inclu- 
sive. 
Siahl  imd  Msen,  Nos.  1,  2,  8  and  4  of  vol.  i. ;  Nos.  8,  9,  11 

and  12  of  vol.  ii. ;  and  indexes  to  vols,  i.,  ii.  and  iii. 
ZeU8chr\ft  fiir  Aru/ewandte  Chemie,  Tears  i.  to  xii. ;  xvi.  to 

xvii. 
Giesserei  Zdtung^  Year  i.,  Nos.  1  to  17, 19-26 ;  Year  ii.,  Nos. 
1  to  6,  inclusive. 

Accessions. 
From  October  16  to  December  15,  1905. 

Bureau    of  Goverument    Laboratories^  Philippine 
Islands. 

CoPBLAND,  E.  B.     The  Folypodiaceae  of  the  FhiUppine 
Islands.     146  p.  pi.     8vo.     Manila,  1905. 

Lewis,  G.  N.    AutocatcUytic  Decomposition  of  Silver  Oxide. 
27  p.  pi.     8vo.    Manila,  1905. 

Strong,  R.  P.     Clinical  and  Pathological  Significance  of 
Balantidium  Coli     77  p.  pi.     8vo.    Manila,  1905. 
Bureau  of  Mines  of  Ontario. 

Ontario  Burbau  of  Mines.    The  Cobalt-Nickel  Arsenides 
and  Silver-Deposits  of  Temiskamingj  by  Willet  G.  Miller. 
66  p.  il.  pi.  map.     8vo.    Toronto,  1905. 
Chemical  and  Metallurgical  Society  of  South  Africa, 
Johannesburg. 
Chemical  and  Metallurgical  Society  of  South  Africa. 
Proceedings^  1902-'08.   Vol.  iii.   8vo.   Johannesburg,  1905. 
Professor  F.  G.  O.  Doeltz. 

Zeitsckrift  fiir  Angewandte   Chemie.     Years   1900-'02. 
8vo.    Berlin,  1900-'02. 
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Engineering  and  Mining  Jonmal. 

One  hundred  and  sixty-three  odd  numbers  of  Periodi- 
calsy  including  seventy-three  duplicates. 

Bbck,  Db.  Riohabd.  The  Nature  of  Ore-Deposits.  Trans- 
lated and  revised  by  Walter  Harvey  Weed.  2  vols.  il. 
map.     8vo.    New  York,  London,  1905. 

[Sbcbetabt'b  Note. — American  mining  engineers  and  students  of  the  theory 
of  ore-deposits  ae  a  part  of  the  science  of  geology  will  welcome  this  English  yer- 
sion  of  the  already  dassio  treatise  of  Prof.  Beck  {Lthtt  «m  din  ErdagerOlaMen), 
the  first  edition  of  which,  issued  in  1900,  was  followed  in  1903  by  a  second,  upon 
which  the  present  work,  issued  with  his  approval,  is  baaed. 

Prof.  Beck's  treatise  appeared  at  a  critical  period,  when  important  additions 
had  recently  been  made  to  the  literature  of  the  subject  with  which  it  dealt,  re- 
quiring, on  the  one  hand,  a  just  estimate  of  the  new  material,  and,  oh  the  other 
hand,  a  logical  perception  of  its  relations  to  the  old.  Such  a  discriminating 
summaiy  his  timely  book  furnished.  The  frequency  and  fullness  of  its  quotations 
from  the  TratnmotUmB  of  this  Institute,  and  its  frank  recognition  of  the  work  of 
American  economic  geologists,  prove  the  wide  reading  and  the  liberal  temper  of 
the  distinguished  author. 

The  great  merit  and  usefulness  of  that  treatise,  as  of  this  translation  of  it,  con- 
sist in  its  presentation  of  an  intelligent  general  review,  accompanied  with  such 
abundant  inferences  as  will  enable  the  student  to  make  further  researches  for  him- 
self. In  the  present  stage  of  scientific  progress,  this  is  all  that  any  one  general 
hand-book  can  do,  and  all  that  any  student  desires.  What  we  all  want  is  not  a 
vast  undigested  aggregate  of  alleged  observations  and  more  or  leas  reliable  theo- 
ries, but  a  summary  of  reasoned  conclusions,  and  a  guide  to  the  examination  of 
their  grounds. 

Incidentally,  this  manual  gives  also  brief  accounts  of  the  leading  mining  dis- 
tricts and  famous  mines  of  the  world,  with  references  to  the  monographs  in  which 
they  are  more  fully  described. — R.  W.  B.] 

Cleologieal  Survey  of  Lonisiana. 

LoTTisiANA  Gbological  Survey,  ^itefin,  Nos.  1-8.   8vo. 
Baton  Bouge,  1905. 
Institution  of  Mining  and  Metallurgy^  London. 

Gbikib,  J.  S.  The  Occurrence  of  Oold  in  Tipper  Sarawak. 
17  p.  il.     8vo. 

Hollow  AT,  G.  T.  Sieve  and  Screen  Apertures.  8  p.  tab. 
8vo. 

Institution  of  Mines  and  Metallurgy.     Transactions. 
Vol.  xiv.     8vo.     London,  1905. 
Institution  of  Naval  Architects^  London. 

Institution  of  Naval  Architects.  Index  to  the  Trans- 
ac«orw  (vols,  i-xlvi,  1860-1904).  268  p.  4to.  London,  1905. 

Transactions.  Vol.  xlvii.  2  parts.  4to.  Lon- 
don, 1905. 
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Jeffrey  Manufacturiiig  Company. 

Jbffbby  Manufaotubing  Company.     Catalogue  lUustrat- 
ing  Machinery  Specially  Designed  for  Handling  Coal  at  the 
Mines.     142  p.     8vo.     Chicago,  1906.     (No.  20.) 
Bichard  Moldenke. 

Ambbican  Foundbymbn's  Association.      Transactions, 
1904.     8vo. 
Pennsylvania  State  liibrary. 

Pbnnsylvania — ^Dbpabtmbnt  of  Minbs.    Report  of  the 
Department  of  Mines  of  Pennsylvania^  1904.    Part  i.     8vo. 
Harrisburg,  1905. 
Bichard  Fflind. 

Engineering  Magazine.  Vol.i.,No.6.  Svo.  NewYork,1891. 
Heinrich  Bies. 

Ribs,  Hbinbich.  Economic  Geology  of  the  United  States. 
XX,  485  p.  il.  map.     8vo.    New  York,  1905. 

[Sbcbetary's  Note. — This  volame  is  primarily  intended  aa  a  text-book  for 
instniction  in  other  colleges ;  but  it  constitutes  also  a  highly  useful  summary  for 
mining  engineers  already  in  active  practice,  and  for  the  increasing  number  of  in- 
telligent citizens  who  desire  to  know  something  of  the  mineral  resources  of  their 
country.  If  such  knowledge  were  more  general  and  more  thorough  than  it  is, 
we  should  be  spared  much  talk  from  theorists  and  demagogues  concerning  the 
sources  of  large  fortunes  and  the  imagined  injustice  of  our  social  order.  The  in- 
crease of  our  national  wealth  through  the  simple  discovery  and  exploitation  of 
new  treasure,  heretofore  unknown,  will  go  far  to  explain  all  the  phenomena 
which  are  so  often  hastily  stigmatized  as  evidences  of  corrupt  and  selfish  prac- 
tices. Indeed,  if  to  the  new  wealth  thus  developed  by  agriculture  and  mining, 
we  should  add  that  which  has  been  derived  from  inventions  of  revolutionary  im- 
portance and  well-nigh  immeasurable  pecuniary  value,  not  only  the  great  for- 
tunes of  the  day,  but  also  the  notable  increase  in  the  comfort  and  prosperity  of 
our  people  at  large,  would  be  accounted  for. 

Prof.  Bies  has  built  largely  upon  the  basis  of  the  earlier  manual  of  Prof.  R  S. 
Tarr ;  and  his  work  constitutes  an  admirable  up-to-date  presentation  of  the  sub- 
ject Perhaps  its  most  valuable  portion  is  that  which  discusses  the  non-metallic 
minerals—a  department  comparatively  neglected  in  the  text-books  which  deal 
mainly  with  the  more  fascinating  theme  of  ore-deposits.  Under  the  titles,  Coal, 
Petroleum,  Natural  Gas,  Building  Stones,  Clay,  Lime  and  Cements,  Salines, 
Gypsum,  Fertilizers,  Abrasions,  Water,  Soils  and  Boad  Materials,  a  mass  of 
information  is  given  with  clearness  and  discrimination,  which  cannot  easily 
be  found  elsewhere  so  widely  comprehensive  and  so  well  arranged  and  ex- 
plained.—B.  W.  R] 

C.  M.  Bolker. 

Great  Fingall  Consolidated,  Limited.  Report  on 
Property^  by  Charles  M.  Rolker.  57  p.  tab.  maps.  4to. 
London,  1905. 

Tabulated  Statements.     116  p.  4to. 
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Secretary  of  American  Mining  Congress. 

American  Mining  Congress.    Report  of  the  Proceedings 
of  the  Seventh  Annual  Session  of  the  American  Mining  Con- 
gress^ Portland,  Oregon,  August  22-27, 1904.     8vo.    Den- 
ver, 1905. 
F.  C.  Smith. 

Chbbvbr,  B.  W.  and  Smith,  P.  C.    Select  Methods  in 
Quantitative  Analysis,  Chiefly  Inorganic.     Fourth  Edition 
Revised  and  Enlarged.     Parts  i.  and  ii.     273  p.     8vo. 
Ann  Arbor,  1905. 
Societe  Geologiqne  du  Nord,  liille^  Belgium. 

SociETfi  GfioLOGiQUE  DU  NoRD.     ArmaUs.    Vol.  xxxiii. 
8vo.    Lille,  1904. 
University  of   California,  Department  of  Geology, 
Berkeley. 
Knopf,  A.  and  Thblbn,  P.  Sketch  of  the  Geology  of  Mineral 
King,  Califomia.    pp.  227-262.    pi.    Svo.    Berkeley,  1905. 
Bbid,  J.  A.    Stntcture  and  Genesis  of  the  Comstock  Lode. 
pp.  177-199.     Svo. 

Thelbn,  Paul.      Differential    Thermal  Conductivities  of 
Certain  Schists,    pp.  201-226.    pi.     Svo. 
Dr.  Leonard  Waldo. 

MiNBT,  Adolphe.  The  Production  of  Aluminum  and  its 
Industrial  Use.  Translated,  with  Additions  by  Leonard 
Waldo.     256  p.  il.     12ino.     New  York,  1905. 

[Secbetaby's  Not£. — Metallurgists  interested  in  the  aluminum  industry  will 
welcome  Dr.  Waldo's  timely  translation  of  the  German  edition  of  Adolphe  Minet's 
well-known  monograph  Die  Oewinnung  des  Alwniniums  und  dessen  Bedeutung  fwr 
Hcmdd  und  Industrie^  published  in  1902.  This  work  considers  the  Chemical 
method  of  producing  aluminum  (Processes  based  on  the  reduction  by  means  of 
sodium ;  Processes  which  do  not  employ  sodium) ;  Electrochemical  methods  of  pro- 
ducing aluminum  (Electrothermic  processes ;  Electrolytic  processes  for  the  produc- 
tion of  aluminum)  ;  Aluminum  industry  ;  Aluminum  and  its  alloys  (Pure  alumi- 
num ;  Heavy  alloys ;  Alloys  of  medium  density ;  Alloys  of  various  densities ; 
Light  aUoys) ;  Working  of  aluminum  (Process  for  soldering  aluminum ;  Elec- 
troplating of  aluminum)  ;  Uses  of  aluminum  ;  and  Aluminothermy.  In  the  second 
chapter  of  the  Appendix  Dr.  Waldo  describes  the  developments  of  the  aluminum 
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SECTION  II. 

TECHNICAL  PAPERS  AND  DISCUSSIONS. 

[The  American  Institute  of  Mining  Engineers  does  not 
assume  responsibility  for  any  statement  of  fact  or  opinion 
advanced  in  its  papers  or  discussions.] 

A  detailed  list  of  the  papers  contained  in  this  section  is  given 
in  the  Table  of  Contents,  pages  i  and  ii. 


Comments  or  criticisms  upon  all  papers  given  in  this  sec- 
tion, whether  private  corrections  of  typographical  or  other 
errors  or  communications  for  publication  as  "Discussions,"  or 
independent  papers  on  the  same  or  a  related  subject,  are  earn- 
estly invited. 


SUBJECT  TO  REVISION. 

ITRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


An  Old  Specimen  of  American  Spiegeleisen. 

BY  FRANK  FIRMSTONE,   EA8T0N,   PA. 
(South  Bethlehem  Meeting,  February,  1906.) 

The  piece  of  spiegeleisen,  the  analysis  of  which  is  given 
below,  was  collected  by  my  father,  together  with  various  other 
specimens,  while  he  was  manager  of  the  Glendon  Iron  Works. 
It  bears  a  label  stating  that  it  was  taken  from  a  building  in  the 
town  of  Newton,  New  Jersey,  erected  in  1765  and  torn  down 
in  1863.  The  building  belonged,  in  1863,  to  T.  N.  McCarter, 
Esq.  The  label  is  in  the  hand- writing  of  Mr.  McCarter,  now 
deceased,  well  known  as  a  member  of  the  bar  of  northern  New 
Jersey.  The  specimen  was,  no  doubt,  given  by  him  to  my 
father,  with  whom  he  had  business  in  1863  and  1864.  It  is 
now  in  the  metallurgical  collection  of  Lehigh  University. 

I  know  nothing  further  as  to  the  history  of  the  specimen, 
but  there  is  no  reasonable  doubt  that  it  was  made  from  ore  from 
the  Andover  mine,  at  the  old  charcoal-furnace  which  once 
stood  at  the  village  of  Andover,  about  5  miles  south  of  New- 
ton, on  the  Sussex  railroad.  It  was  probably  broken  from  one 
end  of  a  bearer  over  an  open  fire-place,  is  about  6  in.  wide  by 
2.5  in.  thick,  has  been  cast  in  open  sand  and  shows  the  charac- 
teristic fracture  of  spiegeleisen  rather  low  in  manganese.  One 
edge  has  been  white-washed. 

Analyses  of  Spiegeleisea  Made  from  Andover  Ore. 

I.  II. 

Per  Cent.  Per  Cent. 

Graphite, 0.101  0.006 

Combined  carbon, 4.529  4,212 

Silicon, 0.037  0.294 

Manganese, 6.750  3.750 

Sulphur 0.003  0.031 

Phoaphorus, •       .        .0.060  0.072 

Iron, 89,440  91,570 

99.920  99.934 

I.  Spiegeleisen  made  at  Andover  (charcoal)  furnace  not  later  than  1765. 
II.  Spiegeleisen  made  from  Andover  ore  at  Phillipsburg,  N.  J.,  anthracite-fur- 
nace, 186-. 

Both  analvses  were  made  by  Dr.  P.  H.  Shimer. 
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There  is  nothing  to  be  seen  to-day  of  the  old  furnace  at  the 
reputed  site  in  the  village  of  Andover ;  but  there  is  a  large 
cinder-heap  there,  and  I  have  no  doubt,  therefore,  that  this  is 
really  where  it  stood.  This  cinder-pile  is  on  a  small  stream,  the 
outlet  of  a  lake  south  of  Andover,  and  a  little  east  of  the  rail- 
road. The  water  runs  into  the  Pequest.  Just  below  the  cinder 
pile  is  an  old  stone  grist-mill,  still  in  use.  The  date  1761  is 
cut  on  a  stone  on  the  northwest  corner,  about  18  in.  under  the 
eaves.  This  mill,  no  doubt,  was  built  about  the  same  time  as 
the  furnace,  a  mill  being  at  that  period  an  indispensable  adjunct 
to  an  iron-works. 

Mr.  W.  R.  Ayers,  of  Andover,  who  pointed  out  this  inscrip- 
tion to  me,  and  kindly  gave  me  much  other  information,  has  in 
his  possession  a  pig  of  iron  about  2  ft.  10  in.  long  with  the 
brand  "  Andover"  on  it  in  very  well  formed  letters.  It  was 
taken  from  a  house  belonging  to  him,  in  which  it  formed  a 
lintel  over  an  open  fire-place.  The  house  is  said  to  have  been 
built  before  the  Revolution.  This  pig,  judging  by  the  face,  is 
not  spiegeleisen. 

Almost  all  the  cinder  to  be  seen  on  the  old  dump  is  gray, 
and  indicates  very  regular  furnace-work.  Below  are  analyses 
of  two  pieces  which  I  took  from  the  dump  on  my  first  visit  to 
Andover. 

Analyses  of  Cinder  from  Old  Andover  CharcoaUFumace. 

No.  1.  No.  2. 

Per  Cent.  Per  Cent. 

SiOj, 45.29  36.57 

AlA, 2.67  6.49 

FeO, 0.55  1.44 

MnO, 7.20  4.43 

CaO, 34.74  41.17 

MgO, 6.53  8.77 

KA 0.49  0.33 

NaA 0.11  0.09 

SO, 0.137(8,0.055)  0.191(8,0.077) 

CO2,     ......  1.59  0.74 

Combined  water, .        .        .  0.49  0.40 

99.797  99.621 

The  last  three  constituents  are,  doubtless,  due  to  long  weathering. 

Sample  No.  1  is  highly  crystalline  in  fracture ;  No.  2  is  com- 
pact and  shows  no  signs  of  crystallization.     Both  are  of  rather 
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unusual  compoBition  for  charcoal  cinders,  although  No.  1  is  not 
very  different  from  a  cinder  from  Lftngshyttan  (Sweden)  given 
by  Akerman.* 

I  think  the  spiegeleisen  made  at  the  old  Andover  furnace 
must  have  been  the  first  produced  on  this  side  of  the  Atlantic. 

The  Andover  furnace  has  additional  historical  interest  in 
that,  as  appears  in  Swank's  account  of  it,^  and  the  documents 
there  referred  to,  it  was  taken  into  possession  by  the  govern- 
ment in  1778,  and  run  to  furnish  iron  for  steel  for  the  War  De- 
partment, this  being  the  only  iron  which  would  "  with  certainty 
answer  the  purpose  of  making  steel." 

If  the  accounts  of  the  Continental  War  Department  have 
been  preserved  and  are  accessible,  they  would  furnish  amusing, 
and  perhaps  important,  details  of  methods,  costs,  etc. 

The  Andover  mine,  about  a  mile  north  of  the  furnace-site,  is 
described  in  Kitchell's  Annual  Report  on  the  Geological  Survey 
of  the  State  of  New  Jersey  for  the  Year  1855  (Trenton,  1856), 
pp.  149  et  seq. ;  and  there  are  further  notes  in  Lesley's  Iron 
Manufacturer's  Guide^  p.  427.  The  description  in  Kitchell's 
report  is  reprinted  in  Prof  Geo.  C.  Cook's  account  of  the  mine,* 
with  some  historical  details  taken  from  a  letter  from  Hon.  A.  S. 
Hewitt 

In  1848  and  1849  the  mine  was  re-opened  by  the  Trenton 
Iron  Co.  (Messrs.  Cooper  &  Hewitt) ;  and  much  iron  was  made 
from  the  ore  in  the  *50's  at  the  furnaces  of  that  company  at 
Phillipsburg,  N.  J.,  at  first  under  the  management  of  Dr.  G.  G. 
Palmer,  who  built  the  works,  and  afterwards  under  his  imme- 
diate successor,  our  fellow-member,  Mr,  J.  C.  Kent.  Much  of 
this  iron  was  spiegeleisen,  and  large  quantities  were  puddled 
at  the  mills  of  the  same  company  in  Trenton,  and,  no  doubt, 
contributed  to  the  good  quality  of  the  "  Trenton  "  rails,  which 
were  famous  in  their  day.  Through  Mr.  S.  B.  Patterson  I  have 
procured  a  small  piece  of  the  spiegeleisen  made  at  Phillipsburg, 
and  the  analysis  (Sample  IL)  is  given  above.  Unfortunately,  the 
exact  date  of  manufacture  is  not  known. 

Mr.  Kent  informs  me  that  the  furnaces  worked  very  well  on 
this  ore,  and  that  over  300  tons  of  iron  per  furnace  per  week 

>  Stahl  %L,  Eieen,  No.  6, 1886,  p.  388,  Uble. 
'  Iron  in  All  AgeSy  2d  ed.,  p.  If53. 
*  Oedogy  of  New  Jersey y  1868,  p.  640  et  seq. 
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were  sometimes  made— which  for  that  day,  and  with  anthracite 
for  fuel,  was  an  enormous  output.  He  also  tells  me  that  Mr. 
Peter  Cooper,  knowing  that  the  iron  had  been  used  for  steel  in 
Revolutionary  times,  had  steel  made  from  some  of  the  first  iron 
produced  at  Phillipsburg  and  Trenton,  and  that  this  steel  was 
worked  up  into  cutlery. 

The  mine  was  practically  exhausted  before  the  successful  in- 
troduction of  the  Bessemer  process  into  this  country,  otherwise 
spiegeleisen  of  such  good  quality  must  have  played  an  impor- 
tant part  in  the  early  history  of  that  manufacture  here. 

In  1868  Messrs.  Cooper  &  Hewitt  sold  the  Phillipsburg  fur- 
naces, the  Andover  mine-tract,  and  various  other  mineral  prop- 
erties and  leases  in  New  Jersey,  to  a  joint  stock-company,  which 
took  the  name  of  Andover  Iron  Co.  In  1901  this  company 
and  its  belongings  passed,  by  purchase  of  the  stock,  into  the 
hands  of  Mr.  Joseph  Wharton. 
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Crushing-Tests  of  the  Diamonds  Used  in  Drilling. 

BT  PROF.  ALEXANDER  N.    MITINSKT,   MINING  ACADEMY  OF  EMPRESS 
CATHERINE  H.,   ST.   PETEIlSBaRO,   RUSSIA. 

(South  Bethlehem  Meeting,  February,  1906.) 

TJp  to  a  certain  limit,  the  increase  of  pressure  on  the  diamond- 
drill  increases  the  rate  of  progress  in  drilling.  That  limit  is 
set  by  the  resistance  of  the  diamonds  to  compression ;  and  be- 
yond it,  the  destruction  of  the  stones  will  involve  an  economic 
loss,  both  in  time  and  in  money.  It  is,  therefore,  important  to 
all  diamond-drillers  to  know  what  is  the  resistance  mentioned. 

In  Europe,  operators  usually  follow  an  empirical  rule,  which 
directs  the  maintenance  of  a  pressure,  on  the  area  of  the  bot- 
tom of  the  drilling-tool,  of  12  kg.  per  sq.  cm.  For  the  tools 
in  ordinary  use,  this  is  equivalent  to  1  kg,  per  sq.  mm.  of  the 
diamonds  set  in  the  tool. 

So  far  as  I  know,  American  drillers  are  using  pressures  as 
high  as  50  to  60  kg.  per  sq.  cm.  of  the  total  area  of  the  drill, 
and  the  consumption  of  diamonds  (on  Denny's  authority,  0.2 
carats  per  meter  bored)  is  greater  in  America  than  in  Europe. 
But  the  reason  for  this  difference  may  be  the  comparatively 
larger  size  of  the  diamonds  commonly  used  by  American 
drillers. 

With  the  assistance  of  my  friend,  the  late  S.  Woisslaw,  who 
was  the  pioneer  of  diamond-drilling  in  Russia,  I  selected  from 
his  stock  a  number  of  black  diamonds,  which  I  subjected  in 
my  laboratory  to  compression-tests. 

To  prepare  regular  cubes  for  such  tests,  as  is  generally  done 
with  other  stones,  would  have  been  not  only  costly,  but,  what 
is  more  important,  practically  useless.  I  therefore  determined, 
in  order  to  assimilate  as  nearly  as  possible  the  conditions  of  ac- 
tual use,  to  place  each  sample  between  a  hard  plate  (corres- 
ponding to  the  rock)  and  a  softer  plate  (corresponding  to  the 
bottom  of  the  tool),  into  which  it  would  be  pressed  during  the 
test. 
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In  my  first  experiment,  I  placed  a  diamond  between  a  plate 
of  rolled  steel  and  one  of  soft  bronze,  under  a  very  sensitive 
press,  having  a  diagrammatic  recording-apparatus,  with  a  maxi- 
mum load  of  1  metric  ton.  The  diamond  endured  the  pressure 
of  1  ton,  and  penetrated  into  both  plates  without  breaking.  The 
area  of  its  impress  in  the  plates  could  not  be  determined  with 
any  degree  of  accuracy  by  ordinary  methods ;  but  by  taking 
photographs,  enlarging  them,  and  then  measuring  them  with 
a  planimeter,  I  found  the  area  of  the  impression  in  the  bronze 
plate  to  be  19.5,  and  in  the  steel  plate,  17.25  sq.  mm.  The 
half-sum  of  these  areas,  18.4  sq.  mm.,  being  taken  as  the  area 
of  the  diamond  submitted  to  pressure,  indicates  that,  under  the 
pressure  of  1  ton,  exerted  by  the  press,  the  diamond  resisted 
54.3  kg.  per  sq.  mm.  without  breaking. 

In  my  second  experiment,  I  put  a  diamond  (a  very  small 
one)  between  hard  tool-steel  and  rolled  soft  steel.  It  broke 
under  370  kg.,  leaving  on  the  mild  steel  an  impression  of  9.1 
sq.  mm.,  and  on  the  tool-steel  one  of  3.3  mm,,  corresponding 
to  breaking-pressure  per  sq.  mm.  of  45.5  and  115.6  kg.  respec- 
tively, or  an  average  strength  of  80.6  kg. 

Subsequently,  I  compressed  three  diamonds  successively  be- 
tween two  pieces  of  steel  of  the  tensile  strength  of  from  40  to 
50  kg.  per  sq.  mm.  After  these  tests,  the  diamonds  were  so 
firmly  held  in  the  plates  that  it  was  diflicult  to  remove  them. 
The  difference  of  areas  of  the  impressions  in  the  two  plates 
amounted  to  8  per  cent     The  results  of  the  test  were : 


»eriment 
No. 

3 

Total  Load. 
Kg. 

620 

Half 

-sum  of  Areas. 
Sq.  mm. 

8.0 

Breaking  Strength. 
Kg.  per  sq.  mm. 

77.6 

4 
5 

993 

768 

17.5 
11.0 

56.7 
70.0 

Average,  .        .     68.0 

In  view  of  these  tests,  I  think  that  the  pressure  on  drilling- 
tools  can  safely  be  made  heavier,  with  corresponding  gain  in 
speed  of  drilling.  American  operators  are  already  in  advance 
of  Europeans,  but  could  go  even  further  in  this  direction. 

In  Russia,  the  makers  of  diamond-tools  frequently  use  a  pat- 
ented method  of  inserting  the  stones,  which  consists  in  envel- 
oping the  diamond  in  a  piece  of  thin  steel ;  putting  it,  together 
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with  Bome  welding-powder,  under  pressure  in  the  tool  which 
had  been  heated  to  incandescence ;  hammering,  and  then  cool- 
ing very  quickly. 

After  my  tests  had  been  made,  Mr.  Woisslaw  ordered  his 
workmen  to  leave  the  danger  of  breakage  out  of  consideration, 
and  to  put  upon  the  diamonds  the  highest  pressure  attainable 
with  their  machinery.  The  results  were  very  good.  By  this 
method  tools  can  be  obtained  which  will  run  safely  at  a  pe- 
ripheral velocity  of  25  m.  per  second. 
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Are  the  Quartz-Veins  of  Silver  Peak,  Nevada,  the  Result 
of  Magmatic  Segregation? 

BT  JOHN  B.    HASTINGS,   DENVER,   COLORADO. 
(British  ColumbU  MeetiDg.  July,  1905.) 

Chief  among  the  varied  problems  facing  the  mine-manager 
is  that  of  vein-structure  and  origin,  which  is  highly  important 
as  a  guide  to  successful  discovery  and  development.  If  metal- 
liferous deposits  can  be  traced  to  the  intrusion  of  waters  along 
definite  lines,  then  is  there  something  tangible  for  him  to  study. 
But  when  he  is  told  by  a  geologist  that  metalliferous  deposits 
are  due  to  some  other  cause,  like  magmatic  differentiation, 
while  not  perhaps  discouraged,  he  is  impressed  with  a  vague 
sense  of  new  worlds  to  be  conquered. 

In  1897,  while  manager  of  the  War  Eagle  mine  at  Bossland, 
B.  C,  where,  previously,  the  ore-bodies  had  not  been  sup- 
posed to  occur  as  veins,  I  suggested  to  visiting  members  of  the 
Canadian  Geological  Survey  that,  perhaps,  the  structure  of  the 
pyrrhotite-bodies  of  that  mine,  which  had  been  proved  to  occur 
along  well-defined  fractures,  might  throw  some  light  on  the 
similar  deposits  of  Sudbury,  then  held  to  be  basic  aggregations 
from  the  original  magma.  Later  investigation  has  at  least 
provoked  discussion  of  this  last  deduction,  questioning  its  cor- 
rectness and  suggesting  that,  perhaps,  the  deposits  are  actual 
veins. 

The  following  extract  from  a  paper  by  J.  E.  Spurr^  is  quoted, 
because  it  sets  forth  Mr.  Spurr's  theory  of  the  quartz-occurrences 
of  the  Silver  Peak  mines,  which  will  be  discussed  in  this  article. 
It  also  graphically  describes  the  attendant  geological  features. 

**The  Drinkwater  group  of  mines,  which  is  the  most  important  part  of  the 
Blair  gold  properties,  and  which  has  produced  practically  all  of  the  million 
dollars'  worth  of  ore,  as  above  stated,  may  be  taken  as  typical  of  the  gold-veins 
which,  though  widespread  and  numerous,  show  a  wonderful  similarity  of  char- 
acter.    On  the  surface  two  adjacent  veins  outcrop,  the  Crowning  Glory  and  the 

^  Ore  Deposite  of  Silver  Peak  Quadrangle,  Builetin  No.  225,  U,  S.  Oeological 
Survey. 
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Drinkwater,  the  former  the  larger,  the  latter  contaiaing  the  greater  quantity  of 
good  ore.  The  quality  of  the  ore  still  left  standing  (only  the  richer  portions 
having  been  removed  for  milling)  has  been  more  or  less  carefully  determined  a 
number  of  times 

'^Geologically,  the  veins  of  the  filair  mine  are  interesting.  Properly  speak- 
ing, they  are  hardly  veins,  but  flattened  lenses  of  quartz  occurring  in  a  definite 
Eone  100  ft.  or  more  in  thickness.  The  lenses  wedge  out  and  disappear  both  hori- 
xontally  and  vertically,  and  their  place  is  taken  by  overlapping  lenses.  The  wall- 
rock  is  a  schist,  derived  chiefly  from  the  metamorphism  of  an  original  limy  shale 
or  limestone.  Frequently,  also,  the  wall-rock  is  a  very  siliceous  granitic  rock 
(alaskite),  made  up  essentially  of  quartz  and  feldspar.  This  alaskite  occurs  in 
the  schist  in  lenses  similar  to  the  quartz.  There  is,  moreover,  every  transition 
between  the  alaskite  and  the  quartz ;  and  the  schist  has  been,  so  to  speak,  satu- 
rated with  this  siliceous  material,  which  forms  seanjs  and  thin  lenses  in  it.  The 
auriferous  quartz-lenses  in  the  mine  in  many  places  run  laterally  into  quartz- 
feldspar  rock  (alaskite).  As  a  rule,  the  values  grow  insignificant  with  the 
ooming-in  of  the  feldspar,  but  occasionally  high  values  may  still  be  found. 

*'  The  general  conclusion  is,  that  here  a  series  of  fissile  shales  and  thin-bedded 
limestones  has  been  invaded  by  a  very  siliceous  granitic  intrusion  which  has 
metamorphosed  the  sediments  to  schists.  The  quartz  hcts  plainly  the  same  origin 
and  nature  as  the  aiaskite,  both  being  siUceoua  phases  of  a  granitic  magma  [the  italics 
are  mine. — ^J.  B.  H.].  The  gold  in  the  quartz  is  usually  free,  sometimes  asso- 
ciated with  scattered  galena  [and  pyrite.— J.  B.  H.].  Greenstone  or  diorite  dikes 
cut  the  veins  or  follow  along  them,  but  are  of  later  age.  Along  the  dikes  there 
has  been  water-circulation,  resulting  sometimes  in  impoverishment,  sometimes  in 
relative  concentration  of  the  original  values. 

*'This  zone  of  veins  outcrops  for  a  mile  along  the  mountain  side.  At  one 
point,  some  distance  below  the  vein-zone,  free  gold  in  fresh  alaskite  was  found. 

''In  the  main,  the  other  gold-mines  or  prospects  of  the  district  have  exactly 
the  same  geological  relations." 

At  my  first  examination  of  the  Blair  properties,  in  December, 
1900,  having,  to  guide  me,  the  thorough  reports  of  James  D. 
Hague  and  George  W.  Maynard,  I  spent  only  one  day  on  the 
hill ;  at  my  second  visit,  in  May,  1905,  I  was  half  a  day  at  the 
Blair  mines  and  three  days  at  the  adjoining  Valcalde  group. 

The  mines  are  on  ridges  north  from  the  Silver  Peak,  not  on 
that  mountain  proper,  which  rises  1,500  ft.  higher  (to  9,000  feet). 
It  is  volcanic ;  the  various  flows  extend  for  miles  easterly,  and 
the  successive  stages  of  its  growth  are  marked.  It  is  reported 
that  there  is  on  the  top  an  oblong  depression,  2,000  ft.  long, 
filled  with  water  from  melting  snow. 

Many  mining  engineers,  who  have  examined  veins  in  schists, 
will  recognize  the  accuracy  of  Mr.  Spurr's  description  of  the 
formation  in  lenses,  the  disappearance  both  horizontally  and 
vertically,  and  the  replacement  by  overlapping  ones.  They  also 
have  sampled  veins  in  granite  which  have  passed   gradually 
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from  quartz  to  granite,  and  have  noted  the  usual  disappearance 
of  metallic  values  with  the  appearance  of  the  feldspars. 

At  my  first  visit,  having  no  idea  of  the  quartz  ever  being 
considered  a  phase  of  the  granite,  and  at  my  last,  being  busily 
engaged  with  the  economic  features  of  the  Valcalde  group,  I 
did  not  closely  study  the  occurrence  of  alaskite  within  the  gran- 
itic area ;  but  it  was  seen  in  proximity  to  the  great  cuts  on  the 
Drinkwater  mine,  especially  on  the  northeasterly  or  hanging- 
wall  ;  and  large  masses  in  front  of  the  vein  presented  a  gneis- 
soid  appearance  and  were  extremely  silicified.  In  the  south- 
westerly or  foot-wall  of  the  veins,  the  rock  appeared  to  be  nor- 
mal granite,  with  muscovite  and  biotite ;  occasionally  it  looked 
as  if  the  muscovite  might  be  an  alteration-product,  but  usually 
the  rock  was  in  normal  condition,  except  that  in  all  the  pieces 
found  the  biotites  were  in  the  last  stages  of  alteration.  Alas- 
kite  was  observed  in  other  places  among  the  mines,  and  away 
from  the  veins ;  and  it  seemed  as  if  the  absence  of  the  micas 
were  due,  in  part,  to  their  elimination  near  the  veins  and  other 
zones  of  movement,  and  sometimes  to  differentiation  of  the 
magma.  The  lenses  in  the  schists  are  usually  alaskite,  but  as 
most  of  these  areas  have  been  subjected  to  solfatarism,  I  could 
not  decide  whether  the  absence  of  the  mica  was  primary  or  sec- 
ondary. At  the  Drinkwater  group  the  outer  area  bordering 
the  limy  shales  is  alaskite,  and  at  the  Valcalde  group  the  gran- 
ite adjoins  the  same  rocks.  The  whole  granitic  mass  of  the 
mines  is  one  magma.  There  has  been  Assuring  of  the  normal 
granite,  attended  with  injection  of  dikes  and  formation  of  veins, 
but  sometimes  without  either.  The  micas  adjacent  to  the  move- 
ment have  been  more  or  less  destroyed  (as  in  the  Boise  basin) 
and  aplite  has  been  formed ;  and  again  aplite  occurs  as  a  phase 
of  the  original  magma. 

The  whole  granitic  area  has  been  subjected  to  slight  fractur- 
ing, the  cracks  cemented  with  the  usual  quartz  as  seen  in  gran- 
ite, sometimes  auriferous,  usually  not.  These  quartz  seams  are 
white  and  solid,  glassy,  chalcedonic  or  crystalline,  and  contain 
cavities,  which  are  sometimes  filled  in  with  chalcedonic  quartz. 

Mr.  Spurr  speaks  of  finding  gold  in  fresh  alaskite-pegmatite 
country-rock  below  the  veins.  I  found  coarse  gold  at  a  point 
in  the  gulch  below  the  Frank  No.  2  mine,  possibly  on  the  Co- 
lumbus, and  south  of  the  New  York,  from  200  to  500  ft.  from 
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the  veins.  The  gulch  follows  a  line  of  movement  occupied  more 
or  less  by  a  greenstone  dike,  from  6  to  8  in.  wide,  dipping  flatly 
to  the  west.  At  this  particular  place  the  dike  is  not  seen. 
Along  the  denuded  foot-wall  the  alaskite  is  unaltered,  except 
for  small  deposits  of  quartz  and  iron  in  masses  an  inch  or  so  in 
diameter  where  the  gold  occurred.  A  small  quartz-vein  6  in. 
or  less  wide,  more  or  less  accompanying  the  dike,  which  is  also 
the  foot-wall.  This  vein  outcrops  at  the  bottom  of  the  gulch, 
and  the  quartz  is  clearly  different  from  that  in  the  alaskite. 
Its  strike  is  NE.  and  dip  NW. ;  the  Blair  veins  strike  NW.  and 
dip  WE, ;  and  the  Valcalde  veins  in  this  neighborhood  strike 
north  and  dip  east 

The  following  characteristics  of  the  Blair  veins  were  noted : 
Beginning  at  tlie  workings  farthest  south,  a  50-ft.  tunnel  is  run 
in  the  foot-wall,  and  two  cross-cuts  made  to  the  vein ;  the  first 
one  is  20  ft.  in  the  solid  white  vein-quartz,  and  not  through  it; 
the  quartz  comes  in  on  well-defined  fissuring,  course  N.  80°  W., 
with  regular  dip  20°  NE,  The  second  cross-cut  just  enters,  at 
the  roof,  the  same  white  quartz ;  there  is  strong  fissuring  on  the 
contact ;  the  course  is  more  westerly  and  the  dip  is  the  same  as 
in  No.  1.  The  foot-wall  is  alaskite,  containing  a  few  quartz 
seams;  the  vein,  as  specified,  is  hard  white  quartz,  separated 
from  the  foot-wall  by  uniform  and  distinct  fissuring.  The 
workings  on  the  south  side  of  the  gulch  expose  the  vein  with 
the  same  quartz  and  the  same  flat  dip,  which  follows  a  well- 
defined  fissuring  of  the  alaskite,  and  a  thin  greenstone  dike, 
also  fissured.  A  projected  cross-section,  showing  the  uniform 
dip  of  the  Crowning  Glory  and  Drink  water  veins  for  1,000  ft. 
in  depth,  is  given  in  Fig.  1. 

The  main  Blair  deposits,  as  Mr.  Spurr  says,  occur  in  two 
separate  veins ;  and  it  may  be  added  that  these  are  parallel  and 
100  ft.  apart. 

This  outcrop  of  sheared  country-rock  and  quartz,  from  75 
to  100  ft.  wide,  striking  about  N.  85°  W.,  and  dipping  from 
15°  to  50°  NE.,  can  be  traced  for  6,000  ft.  across  a  deep  gulch, 
from  the  Crowning  Glory  to  the  New  York.  Throughout  the 
whole  distance,  it  is  attended  with  fissuring.  At  the  New 
York  there  is  a  belt  of  the  limey  shale,  with  possibly  a  fissured 
dike  which  the  vein  follows,  being  always  parallel  to  the  fissur- 
ing.    The  quartz  outcrop  is  very  prominent  for  500  ft.  over 
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the  New  York  hill,  and  extends  some  distance  beyond.  The 
belt  of  foreign  rock  (limey  shale,  etc.),  included  in  the  granite, 
is  about  100  ft.  wide,  but  is  local ;  another  inclusion  joins  it  on 
the  north,  more  evidently  the  limey  shale  country-rock;  here 
both  the  shale  and  granite  are  sheared,  but  more  nearly  north 
and  south  than  at  the  vein,  and  with  some  silicification.  Along- 
side the  vein  the  granite  is  not  sheared  on  the  New  York 
(as  it  is  further  south), — as  if  there  had  been  enough  of  the 
shale  to  take  up  the  movement. 

There  are,  perhaps,  three  ages  of  greenstone  dikes, — a  diorite 
quite  recent,  running  NW-SE. ;  a  greenstone  later  than  the 
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Fig.  1.— Pbojbctbd  CBoes-SEcnoN  op  Cbowning  Gloky  and 
Dbinkwateb  Veins. 


veins  and  sometimes  faulting  them;  and  a  greenstone  older 
than  the  veins,  which,  to  a  great  extent,  the  latter  have  followed. 

Mr.  Spurr  thinks  that  all  the  dikes  are  later  than  the  veins ; 
but  the  dikes  followed  by  the  veins  sometimes  enclose  them, 
and  the  quartz  is  not  sheared  or  broken,  while  the  dike,  espe- 
cially that  portion  occupied  by  the  vein,  is  sheared  to  schis- 
tosity.  The  quartz,  both  in  the  dikes  and  granite,  is  usually 
remarkably  clean.  Distinct  silicification  of  the  dikes  is  seen, 
which,  however,  might  be  secondary. 

The  Sentinel  mine,  on  the  divide  between  the  New  York 
and  Drinkwater,  is  in  the  limey  shale.  The  only  ore-body  and 
occurrence  of  quartz  of  consequence  is  at  the  open  cut  alongside 
the  road.     This  lens  is  about  30  ft.  long,  20  ft.  at  the  widest, 
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Strikes  N.  20^  W.,  and  dips  from  20°  to  25°  E.,  conformably 
with  the  schists.  It  is  near  the  granite  contact.  The  fissuring 
difters  from  that  of  the  Blair  mines,  and  agrees  with  the  regu- 
lar foliation  of  the  limey  shales ;  it  continues  down  hill  to  the 
north,  and  is  accentuated  by  lenticular  streaks  of  alaskite  in- 
trusions. There  has  evidently  been  solfataric  action  along  it, 
resulting  in  alteration  on  a  small  scale  of  the  schists,  and  some- 
times of  the  alaskite,  and  the  formation  of  compact,  crystalline 
and  chalcedonic  seams  of  quartz.  On  the  whole,  the  silicifica- 
tion  seems  to  have  affected  the  schists  more  than  the  alaskite. 

The  Valcalde  group,  adjoining  the  Blair,  exhibits  much  nar- 
rower veins.  It  comprises  in  one  vein-system  the  Columbus, 
/Lincoln,  Frank  No.  2,  Washington  and  Porto,  to  which  might 
be  added  the  Lucky  Sam,  owned  by  other  parties.  It  seems  as 
if  all  these  claims  were  on  one  vein.  At  least,  their  character- 
istics are  so  uniform,  and  the  portions  developed  hitherto 
occupy  such  relative  positions,  that  they  may  be  considered 
as  belonging  together.  The  vein-fissuring  and  deposition  of 
quartz  has  followed  a  pre-existing  flat  dike,  sometimes  horizon- 
tal, and  again  dipping  as  much  as  15°  easterly  or  westerly;  the 
dike  as  seen  is  from  a  few  inches  to  5  ft.  thick,  and  the  quartz 
from  a  few  inches  to  6  feet.  The  dike  is  distinctly  sheared,  as 
is  also  the  granite  near  the  contact,  and,  in  some  places,  for  a 
foot  or  two  away,  the  quartz  is  not  broken  in  the  least.  The 
quartz,  which  is  sometimes  lenticular  in  the  sheared  dike,  also 
occurs  in  continuous  streaks  several  feet  wide  within  it  and 
also  on  top  of  it,  with  the  granite  for  a  distinct  hanging-wall. 
In  some  places  the  dike  is  not  seen  at  all,  the  quartz  occurring 
as  a  regular  streak  in  the  granite,  from  4  to  6  ft.  wide,  with  a 
remarkably  smooth  and  well-defined  hanging-wall;  the  foot- 
wall  is  not  exposed. 

This  flat  fissure,  extending  from  the  New  York  2,000  ft. 
southerly,  outcrops  along  both  sides  of  a  north-and-south  gulch 
(the  central  portion  having  been  eroded  away),  and  terminates, 
so  far  as  known,  in  the  basin  at  the  head  of  it.  Laterally,  it 
may  be  1,500  ft.  wide ;  this  width  is  only  indicated  by  the  Porto 
mine.  It  has  been  disturbed  by  north-and-south  movements, 
with  and  without  dikes. 

The  area  is  either  granite  or  alaskite,  the  latter  in  small 
patches.   The  quartz  is  entirely  similar  to  that  of  the  Blair 
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minesy  carrying   a  little   galena   and   iron   sulphides   in   the 
best  ore. 

The  Soda  mine  lies  south  of  the  flat  vein  above  described. 
The  vein  strikes  north  and  dips  50®  westerly.  The  hard,  white 
vein-quartz  is  similar  to  that  of  the  other  mines,  the  best  having 
galena  and  pyrite.  At  the  working  farthest  south  it  is  found 
on  the  hanging-wall  of  a  lenticular  mass  of  an  alaskite  dike 
in  limey  shale.  About  30  in.  of  the  alaskite  has  been  silicified. 
The  east  or  hanging-wall  of  the  quartz  is  limey  shale  and  a 
greenstone  dike,  the  relations  of  which  could  not  be  ascer- 
tained. The  wall  is  fissured  parallel  to  the  vein.  The  foot- 
wall  is  alaskite;  and  the  quartz  merges  into  it.  The  alaskite 
lens,  as  developed,  is  25  fl.  long,  10  ft.  wide  at  the  middle,  and 
of  unknown  extent,  the  northern  half  only  being  exposed. 
Beyond  this  northern  half  no  more  alaskite  is  found ;  but  the 
vein,  composed  of  quartz  stringers  and  lenses  parallel  to  the 
foliation  of  the  schists,  has  been  developed,  with  a  width  of 
from  6  to  10  ft.,  for  300  ft.  further. 

The  Salisbury  mine  is  in  granite,  a  quarter  of  a  mile  from  the 
end  of  the  flat  vein.  It  strikes  N.  18®  E.  and  dips  55®  east- 
erly. The  foot-wall  is  well  defined  by  2  ft.  of  strong  fissuring, 
with  a  small  dike.  The  vein  is  40  in.  wide  and  merges  into 
the  granite,  giving  no  defined  hanging-wall;  but  the  width 
of  the  vein,  developed  for  55  feet,  is  uniform.  It  is  cut  oft  on 
the  strike  by  a  N W.  fault  and  dike,  dipping  northeasterly,  which 
carries  quartz  without  values,  as  the  result  of  a  secondary  silici- 
fication,  and  parallel  to  the  movement.  The  vein-quartz  is, 
like  those  of  the  other  mines,  hard  and  white,  with  galena  and 
pyrite. 

The  Paris  mine  has  about  the  same  character  as  the  Soda, 
but  without  an  alaskite  dike ;  the  enclosing  walls  are  schists, 
within  a  granite  area ;  the  veins  are  lenticular  and  small,  from 
2  to  4  ft.  wide,  and  contains  the  same  white  quartz,  with  galena 
and  pyrite  in  the  best  ore.  The  course  is  north  and  south,  and 
the  dip  35®  east. 

A  few  specimens  from  the  Valcalde  group  exhibited:  (1) 
wire  gold  in  soft  crystalline  quartz  (called  "  decomposed  "  by 
the  miners) ;  (2)  crystalline  gold  in  a  dog-tooth  quartz  lining 
of  a  cavity,  which  was  afterwards  filled  with  chalcedony ;  (3) 
sheets  of  gold  from  cracks  in  chalcedony;  and  (4)  particles  of 
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gold  in  the  richer  ordinary  vein- quartz,  freed  by  oxidation  of 
the  sulphides. 

Prom  the  above  it  appears  to  me :  (1)  That  this  district  pre- 
sents bodies  of  quartz  of  uniform  type,  following  a  well-defined 
fracturing  with  regular  course  and  dip,  each  great  fissure  hav- 
ing its  own  direction,  varying  from  NW.  in  the  Blair  mines  to 
N.  18°  E.  in  the  Salisbury  mine,  and  a  dip  from  horizontal  to 
15°  westerly  and  55°  easterly,  the  easterly  dip  prevailing. 

(2)  That  the  values  are  in  the  quartz,  which  is  confined  to 
narrow  lateral  limits,  having  well-defined  walls,  which  may  be 
granite,  schist,  or,  in  a  subsidiary  way,  greenstone  dikes.  The 
passing  of  the  quartz  into  the  granite  occurs  in  the  usual  man- 
ner of  veins  in  a  granitoid  rock ;  and  the  relative  amount  of 
accompanying  silicified  or  mineralized  granite  is  not  more  than 
usual. 

(3)  Consequently,  that  the  veins  are  not  siliceous  segrega- 
tions from  the  granite,  but  have  been  formed  in  the  usual  man- 
ner by  ascending  waters  along  lines  of  fracturing. 
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The  Importance  of  Fine-Grinding  in  the  Cyanidc-Trcatmcnt 
of  Gold-  and  Silver-Ores. 

BY  FREDERICK  C.  BROWN,  MANAGER  KOMATA  REEFS  O.  M.  CO.,  LTD., 
AUCKLAND,  N.  ZEALAND. 

(BriUsb  Columbia  Meeting,  July,  1905.) 

The  practice  of  fine-grinding  is  now  being  so  successfully 
carried  on  in  some  fields,  notably  in  West  Australia,  and  its 
advisability  has  been  so  frequently  pointed  out*  that  the  matter 
in  this  paper  is  not  put  forward  as  being  new ;  its  chief  object 
being  to  call  attention  to  the  importance  of  fine-grinding  in  the 
treatment  of  comparatively  low-grade  ores. 

I  have  been  engaged  during  the  last  five  years  in  the  cy- 
anide-treatment of  ores  in  the  Ohinemuri  district  (North  Isl- 
and), New  Zealand,  and  I  consider  that,  in  the  near  future,  ex- 
tremely fine-grinding  (almost  sliming)  will  become  a  very  im- 
portant feature  of  the  milling-methods  in  this  field,  since  it 
seems  absolutely  necessary  to  reduce  the  most  of  ores  to  a  very 
fine  state  of  division  if  a  high  extraction  is  to  be  obtained ;  and, 
in  most  cases,  the  extra  percentage  of  saving  will  leave  a  good 
margin  above  the  increased  cost  of  treatment  due  both  to  the 
fine-grinding  and  to  the  interest  on  the  capital  spent  for  the 
grinding-machinery. 

The  average  ore  of  the  Ohinemuri  field  is  composed  of  a 
quartz-gangue  with  some  calcite,  carrying  the  gold-value  in  the 
form  of  an  alloy  of  gold  and  silver  in  about  equal  proportions, 
and  the  silver-value  in  the  form  of  mixed  sulphides  of  silver, 
usually  associated  with  a  considerable  amount  of  iron  pyrites. 
In  the  upper  levels,  the  ores  are  decomposed  and  carry  large 
quantities  of  black  manganese  oxide  and  some  iron  oxide,  but, 
as  depth  is  reached,  the  decomposed  ore  gives  place  to  sul- 
phides and,  in  some  mines,  rhodonite,  manganese  silicate,  is 
present  in  fairly  large  quantities.     The  average  value  of  the 


^  Bosqui,  F.  J.,  2Van*.,  xxiiv.,  715,  Liberty  Bell  Mine,  Colo,  j  Christy,  S.  B., 
The  Cyaniding  of  Gold- Bearing  Salphurets,  Oalifomia  Miners*  AisoeiaHon  (1903). 
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ore,  received  at  the  mills,  ranges  from  £2  ($10)  to  £3  ($15)  per 
long  ton,  the  proportion,  by  weight,  of  silver  to  gold  being  from 
8  to  10  of  silver  to  one  of  gold. 

The  usual  milling-practice  is, — 1,  fairly  fine-crushing  in 
stamp-batteries,  using  wire  screens  that  range  from  30  to  40 
holes  to  the  linear  inch ;  2,  amalgamation  over  copper-plates ; 
3,  separation  of  the  slimes  from  the  sands  by  hydraulic  classi- 
fication ;  4,  concentration  of  the  sands  by  means  of  rubber-belt 
vanners  or  Wilfley  tables;  5,  cyaniding  the  sands  by  the  per- 
colation-method (in  some  mills  a  double  treatment  is  adopted) ; 
and  6,  cyaniding  the  slimes  by  agitation  combined  with  filter- 
pressing. 

A  percentage  varying  from  10  to  60  is  saved  by  amalgama- 
tion, and  some  ores  yield  a  fair  percentage  of  their  value  by 
concentration ;  but  in  every  case  the  treatment  of  the  sands  and 
slimes  by  cyaniding  is  of  the  utmost  importance,  this  being  the 
final  process  to  which  the  ore  is  subjected,  and  any  values  re- 
maining in  the  tailings  thus  being  lost. 

My  experience  has  shown  that  the  average  loss  of  undis- 
solved gold  and  silver  in  the  slimes  is  small,  but  in  some  mills 
using  the  decantation-process,  a  very  considerable  loss  takes 
place  in  the  final  solution  carried  away  with  the  slimes  which 
are  discharged  after  the  treatment.  This  loss  in  the  slimes 
could  be  obviated  by  the  use  of  a  filter-press,  but  the  necessary 
plant  is  very  expensive  to  install,  and  unless  a  mine  has  as- 
sured large  ore-reserves,  it  is  sometimes  risky  to  expend  the 
capital.  The  "Moore"  or  vacuum-process  of  filtration  is  now 
giving  encouraging  results  in  the  Ohinemuri  district,  and  since 
the  cost  of  installation  of  the  plant  is  not  excessive,  the  process 
might  play  an  important  part  in  the  treatment  of  slimes.  A 
weak  feature  of  the  Moore  process,  however,  seems  to  be  that 
the  highest  pressure  that  can  be  used  is  comparatively  low,  say 
from  11  to  18  lb.  to  the  square  inch,  which  means  that  a  thin 
cake  will  be  formed  in  the  treatment  of  very  clayey  slimes. 
To  overcome  this  objection  a  large  filtering-area  is  used  which 
makes  the  plant  somewhat  cumbersome.  A  cheap  and  eflBicient 
system  of  filtration  is  greatly  needed,  and  it  is  quite  likely,  that, 
before  long,  satisfactory  results  will  be  forthcoming  from  the 
many  investigators  now  working  on  this  problem. 

The  loss  of  gold  and  silver  in  the  sands  that  are  invariably 
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treated  by  the  percolation-method  is  very  considerable.  The 
value  of  the  tailings  discharged  by  the  different  mills  range 
from  5s.  to  lOs.  ($1.25  to  $2.50)  per  long  ton,  the  proportion 
of  gold  being  8s.  9d.  to  8s.  (95c.  to  $2)  and  of  silver  Is.  3d.  to 
2s.  (80c.  to  50c.).  There  are  two  chief  reasons  to  account  for 
these  losses : — ^first,  the  particles  of  sand  being  too  coarse  to 
admit  of  the  cyanide  solution  attacking  the  enclosed  bullion ; 
and  second,  the  incomplete  treatment  and  washing  received  in 
the  percolation-method.  The  following  grading-tests  will  show 
how  the  coarse  particles  retain  the  values.  The  samples,  shown 
in  Table  L,  were  taken  from  the  sand-vats  after  treatment  at 
the  Komata  Reefs  mine : 

Tablb  I. —  Vahtes  of  Classified  Sands  Taken  from  Vats  After 

Treatment. 


SIju  of  drain. 


From  One  Vat. 


Average  of  Five  Vati. 


Bam&inuig 

On  40-me8h 

OneO-mesh , 

On  SO-inesh 

On  lOO-meah 

On  loO-mesh 

6n200-me8h 

Through  200-me8h.. 


808.  (17.50) 
19b.  6d.  (12.80) 

88.  (12.00) 
88.  4d.  (80c.) 


158.  7d.  ($3.85) 

166.  (18.75) 
78.  9d.  ($1.90) 
68.  4d.  (11.36) 

48.  ($1.00) 
28.  6d.  (60c.) 
28.  6d.  (60c) 


A  sample  of  this  ore,  crushed  and  passed  through  a  85-me8h 
wire  screen,  was  of  the  following  mechanical  composition : 

On 

40-Me8h. 

eO-Mesh. 

lOO-Mesh. 

IfiO-Mesh. 

200-Me8h. 

Through  300-Me8h. 

Per  Cent. 
8 

Per  Cent 
10.6 

Per  Cent. 
21.5 

Per  Cent. 
11.9 

Per  Cent. 
9.3 

Per  Cent. 
43.7 

An  average  sample  taken  from  several  miles  of  the  bed  of  a 
river  into  which  some  of  the  large  mills  discharge  their  tailings 
had  a  value  before  re-treatment  of  208.  6d.  ($4.95)  per  ton;  its 
mechanical  composition  being : 


On.. 


80-Meeh. 


Per  Cent. 
1.6 


eo-Meah. 


Per  Cent. 
20.0 


go-Mesh. 


Per  Cent. 
36.2 


lOO-Mesh. 


Per  Cent. 
21.4 


150-MeBh. 


Per  Cent. 
5.4 


Through  ISO-Mesh. 


Per  Cent, 
7.4 


The  sand  was  ground  in  the  laboratory  so  that  74.6  per  cent, 
passed  a  200-mesh  screen  and  was  then  carefully  treated  with 
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4.  Precipitation. — ^Precipitation  of  gold  and  silver  from  the 
solutions  by  zinc  shavings,  zinc  dust  or  other  suitable  method. 

1.  Grinding. — The  fine-grinding  can  be  accomplished  eco- 
nomically in  what  are  known  as  tube-mills,  which  are  simply 
lined  wrought-steel  cylinders  about  4  ft.  in  diameter,  and  from 
16  to  20  ft.  long,  supported  on  end-trunnion  bearings,  and  half 
filled  with  small  rounded  flint  pebbles  (about  the  size  of  a  hen's 
^S&)'  These  machines  are  run  at  a  speed  ranging  from  82  to 
27  rev.  per  min.,  and  the  crushed  ore  from  the  battery,  after 
the  separation  of  the  slimes,  is  fed  in  at  one  end  of  the  ma- 
chine and  discharged  at  the  other  end  into  a  hydraulic  classi- 
fier. Prom  the  classifier,  that  portion  of  the  pulp  which  is  fine 
enough  overflows  and  goes  to  the  treatment^plant,  the  coarse 
particles  being  discharged  at  the  bottom  of  the  classifier  into 
an  elevator,  and  returned  to  the  feed-end  of  the  tube-mill  for 
re-grinding.  These  machines  have  long  since  passed  the  ex- 
perimental stage  and  are  used  advantageously  in  West  Aus- 
tralia ;  they  are  also  being  installed  at  several  mills  in  8outh 
Africa,  Mexico  and  New  Zealand. 

2.  Agitation. — The  agitation  of  large  quantities  of  very  fine 
sand,  under  conditions  suitable  for  economical  and  eflScient 
treatment,  has,  until  now,  not  been  by  any  means  a  simple 
matter ;  but  I  have  recently  perfected  an  apparatus  which  fills 
the  following  necessary  requirements — low  cost  of  installation ; 
no  wearing  parts ;  simple  and  easy  in  operation ;  and  perfect 
agitation  and  aeration  of  the  charge. 

The  apparatus  consists  of  a  tall  vat  of  comparatively  small 
diameter  having  a  cone-shaped  bottom,  in  the  center  of  which 
is  fitted  an  air-lift  pump,  the  cone  being  fitted  with  an  arrange- 
ment of  jets  for  "  softening**  the  charge  at  the  commencement 
of  the  agitation.  The  sand  and  solution  at  the  bottom  of  the 
tank  are  continuously  lifted  and  discharged  at  the  top  of  the 
tank,  and  as  such  fine  material  has  Hiot  a  great  tendency  to 
settle,  this  circulating-action  can  be  carried  on  indefinitely  with 
the  expenditure  of  very  little  power.  The  conditions  for  cy- 
anide treatment  are  perfect,  since  every  particle  of  sand  and 
slime  is  constantly  coming  into  contact  with  the  solution  and 
air  as  it  enters  the  bottom  of  the  air-lift  column.  Tanks  large 
enough  to  treat  charges  of  50  tons  are  now  in  successful  operar 
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tion,  and  larger  ones  can  be  built  which  can  handle  100  tons  or 
more  at  a  charge. 

8.  Separation. — The  separation  of  the  gold-bearing  solution 
from  the  pulp  can  be  accomplished  by  natural  settlement  and 
decantation,  but  this  method,  especially  with  some  ores,  is  very 
slow  and  requires  a  large  plant;  hence,  in  the  case  of  a  mine 
with  a  fair  length  of  life  before  it,  some  sort  of  filtration-plant 
should  be  used.  If  circulating-vats,  as  described  above  under 
"  agitation,"  be  employed,  a  combination  of  natural  settlement 
and  filtration  could  be  adopted,  since  very  fine  sand  settles 
fairly  rapidly  after  agitation  in  tall  vats,  and  a  large  percentage 
of  the  slimes  is  carried  down  with  the  sand.  Therefore,  if,  after 
each  agitation,  a  comparatively  short  time  be  allowed  for  settle- 
ment, the  supernatent  solution,  together  with  the  slimes,  can  be 
decanted  off^  and  passed  through  a  filter-press.  By  this  arrange- 
ment a  very  small  filter-press  plant  would  be  required,  and  as 
the  washing  of  a  charge  in  these  vats  is  simple,  a  very  high 
percentage  of  the  gold-bearing  solution  can  be  recovered  at  a 
small  cost. 

The  advantages  arising  from  the  system  of  very  fine-grind- 
ing outlined  above,  compared  with  coarser  crushing,  are  three- 
fold, viz. : — 

The  dissolving  of  the  gold  and  silver  in  the  ore  takes  less 
time ;  weaker  cyanide  solutions  can  be  used ;  and  a  better  ex- 
traction can  be  obtained. 

Treatment  of  Concentrates. 

Concentration  has  not  been  included  after  the  grinding  treat- 
ment, but  it  is  quite  likely  to  be  used  in  those  special  cases, 
where  an  ore  carries  minerals  which  cannot  be  successfully 
treated  by  the  cyanide  process  and  the  elimination  of  which  is 
necessary  to  the  successful  subsequent  treatment  of  the  tailings. 
With  ores,  however,  that  yield  concentrates  which  can  be  suc- 
cessfully treated  by  the  cyanide  process  (provided  they  are  very 
finely  ground,  sometimes  even  "  sliming  "),  it  is  probable  that 
the  suggested  very  fine-grinding  would  reduce  the  mineral 
particles  of  the  ore,  which  are  considerably  softer  than  the  sand 
particles,  to  such  a  fine  state  that  their  values  would  be  ex- 
tracted by  the  agitation-system  above  described.  Resulting 
from  many  experiments  in  treating  concentrates  by  the  cyanide 
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treatment,  I  have  found  that  the  chief  points  to  be  observed 
are: — 

1,  The  concentrates  must  not  be  allowed  to  become  decom- 
posed by  being  left  exposed  to  the  air. 

2.  Exceedingly  fine-grinding  is  necessary  in  most  cases,  and 
usually  the  concentrates  must  be  reduced  to  slimes. 

8.  Agitation  must  provide  for  a  good  supply  of  air. 

4.  Weak  cyanide  solution  will  give  a  good  extraction,  pro- 
vided the  grinding  is  fine  enough.  Since  all  the  above  condi- 
tions would  be  obtained  by  treating  the  mineral  particles,  i.e., 
the  concentrates,  together  with  the  sand,  it  would  seem  as  if 
the  special  operation  of  concentration  could  be  dispensed  with 
in  some  cases ;  which  would  mean  a  great  saving  in  the  cost  of 
plant  and  in  its  operating  expenses. 
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The  Application  of  Dry- Air  Blast  to  the  Manufacture  of 

Iron. 

A  Diflcusaion  of  the  Paper  by  Mr.  James  Oayley,  read  at  the  Lake  Superior 
Meeting,  September,  1904. 

BY  EDWARD  DE  MILLE  CAMPBELL,  ANN  ARBOR,   MICH. 
(Bethlehem  Meeting,  Febroary,  1906.) 

In  the  discussion  of  Mr.  Gayley's  paper  on  The  Application 
of  Dry- Air  Blast  to  Manufacture  of  Iron,*  most  of  the  authors 
have  attempted  to  explain  the  remarkable  results  solely  on 
theoretical  grounds. 

As  Mr.  E.  Windsor  Richards  has  explained,  Mr.  Dawson 
showed  more  than  one  hundred  years  ago  that  blast-furnaces 
are  influenced  by  variation  in  the  amount  of  moisture  in  the 
air,  more  fuel,  as  a  rule,  being  required  in  summer  than  in 
winter.  This  fact  has  been  a  matter  of  general  knowledge  to 
blastrfurnace  men  since  Dawson's  time,  but  they  do  not  seem 
to  have  appreciated  the  extreme  sensitiveness  of  a  blast-furnace 
to  variations  in  atmospheric  moisture,  until  Mr.  Gayley  demon- 
strated the  remarkable  improvement  which  can  be  brought 
about  by  reducing  the  amount  of  water  carried  in  by  the  blast 
to  a  small  and  practically  constant  amount. 

Dr.  Raymond  seems  to  be  the  only  one  of  those  who  have 
contributed  to  the  discussion  of  Mr.  Gayley's  paper  who  appre- 
ciates the  underlying  cause  of  the  great  value  of  Mr.  Gayley's 
invention.  The  great  economy  in  operation  is  not  due  to  the 
saving  of  energy  required  for  dissociation  of  water  in  the  blast, 
V7hich  it  has  been  shown  by  others  does  not  exceed  3  or  4  per 
cent  of  the  total  energy  evolved  by  the  fiiel,  but  is  due  to  uni- 
formity of  conditions  in  the  hearth,  which  permits  a  uniform 
temperature  to  be  maintained  in  that  part  of  the  furnace.  That 
the  great  value  of  dry  air  is  principally  due  to  the  elimination 
of  the  daily  hygrometric  variations  may  be  clearly  seen  from  a 

1  Tran».j  xxxv.,  pp.  748  and  1022. 
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study  of  the  observationB  made  by  me  16  or  17  years  ago,  while 
I  was  chemist  for  the  Dayton  Coal  &  Iron  Co.,  of  Dayton,  Tenn. 

Before  going  south,  I  had  held  a  similar  position  with  the 
Sharon  Iron  Co.  at  Sharon,  Pa.  One  of  the  first  things  I  no- 
ticed on  going  to  the  Dayton  furnace,  which  was  so  much  fur- 
ther south  than  the  one  at  Sharon,  was  that  the  southern  fur- 
naces at  that  time  apparently  had  much  more  difficulty  in 
running  uniformly,  especially  in  the  winter  months,  than  did 
the  furnaces,  which  were  located  further  north.  After  watching 
the  furnaces  carefully  for  some  time,  I  noticed  that  the  furnaces 
usually  took  more  charges  during  the  night-shift  than  during 
the  day.  I  also  noticed  that  on  several  occasions,  when  there 
was  a  marked  change  in  the  weather,  the  furnace  seemed  to  be 
influenced  by  the  change.  The  only  cause  I  could  see  for  the 
furnace  driving  faster  at  night  than  during  the  day  time  was 
that  at  night  there  was  apt  to  be  a  heavy  precipitation  of  dew, 
with  consequent  diminution  in  the  amount  of  moisture  blown 
into  the  furnace.  The  effect  of  this  was  usually  manifest  about 
9  or  10  p.m.,  when  there  was  a  marked  increase  in  the  rate  of 
driving,  which  was  normally  maintained  until  about  the  same 
hour  in  the  morning;  that  is,  the  furnace  ordinarily  responded 
to  the  change  in  the  amount  of  moisture  within  about  4  or 
5  hr.  after  the  change  had  taken  place.  After  observing  the 
furnace  for  some  months,  I  became  so  impressed  with  the  sen- 
sitiveness of  the  blast-furnace  to  atmospheric  changes,  that  I 
decided  to  make  a  systematic  set  of  observationb  to  determine 
to  what  extent  these  changes  affected  the  operation  of  the  fur- 
nace. 

To  this  end  an  ordinary  hygrometer,  consisting  of  a  dry-bulb 
thermometer  and  a  second  thermometer,  the  bulb  of  which  was 
wrapped  in  lamp-wicking  dipping  in  water,  was  constructed. 
This  hygrometer  was  placed  in  the  stock-house,  where  there 
was  a  free  circulation  of  air,  but  protected  from  direct  drafts, 
which  would  cause  excessive  evaporation  from  the  wet  bulb. 
From  the  difference  in  the  reading  of  the  dry-bulb  and  wetrbulb 
thermometers,  the  dew-point  (the  temperature  at  which  the  air 
would  be  saturated  with  moisture)  was  determined.  The  dew- 
point  having  been  determined,  the  amount  of  moisture  per 
cubic  foot  of  air  was  found  from  physical  tables,  and  the  figures 
so  found  were  used  as  a  basis  for  calculating  the  amount  of  coke 
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required  to  dissociate  the  water  carried  in  by  the  blast.  Four 
readings  per  day  were  made,  at  5  a.in.,  12  m.,  5  p.m.  and  mid- 
night. At  the  time  the  readings  were  taken  to  determine  the 
dew-point,  the  number  of  revolutions  of  the  blowing-engines 
was  also  recorded. 

From  the  furnace-books,  the  number  of  tons  of  each  grade 
of  iron  produced  daily  was  taken,  as  well  as  the  number  oi 
pounds  of  ore  charged  into  the  furnace  for  each  unit  weight 
of  fiiel. 

In  order  to  determine  the  amount  ot  coke  required  per  day,- 
for  the  decomposition  of  the  moisture  introduced  by  the  blast, 
the  following  assumptions  were  made :  (1)  that  the  blast  was 
actually  on  23  out  of  24  hr.,  a  loss  of  1  hr.  being  allowed  for 
the  time  during  which  the  blast  was  off  for  flushing  the  cinder 
or  casting  the  iron ;  (2)  on  account  of  the  inefficiency  of  the 
blowing-engines  and  leaks  in  the  hot-blast  stoves,  mains,  etc., 
that  60  per  cent,  only  of  the  piston-displacement  actually  en- 
tered the  furnace ;  (3)  that  ^  of  the  carbon  of  the  coke  reached 
the  neighborhood  of  the  tuyeres,  where  the  heat  developed  by 
its  combustion  to  carbon  monoxide  was  available  for  dissociate 
ing  the  water  vapor. 

The  coke  we  were  required  to  use  contained  an  average  of 
21  per  cent,  of  ash  and  about  75  per  cent,  of  carbon.  I 
selected  the  figures,  23  hr. — 60  per  cent,  piston-displacement, 
and  90  per  cent,  of  the  carbon  of  the  coke  reaching  the  tuy- 
eres— as  conservative  figures.  If  the  blast  were  on  more  than 
2  '  hr. ;  or  more  than  60  per  cent,  of  the  piston-displacement 
entered  the  furnace ;  or  less  than  90  per  cent,  of  the  carbon  of 
the  cdke  reached  the  tuyeres ; — the  figure  showing  the  amount 
of  coke  required  for  the  decomposition  of  the  moisture  would 
be  correspondingly  increased. 

The  term  "grade-heat"  was  one  invented  in  order  to  enable 
the  temperature  of  the  furnace,  so  far  as  it  was  indicated  by  the 
kind  of  iron  being  made,  to  be  expressed  in  figures  and  re- 
corded graphically.  At  the  time  these  notes  were  made  we  had 
no  reliable  figures  showing  the  temperature  existing  in  the 
lower  part  of  the  blast-furnace.  Also,  at  this  same  time,  the 
iron  was  graded  by  fracture  as  follows,  the  grades  being  ar- 
ranged according  to  the  temperature  .of  the  furnace  at  the  time 
the   iron  was   produced, — white,  mottled,  gray  forge,  No.  3 
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foundry,  No.  2  foundry,  No.  1  foundry,  No.  1  soft,  No.  2  soft, 
and  silver  gray  or  glazed  iron.  Since  the  furnace  was  usually 
worked  on  foundry  iron,  a  grade-heat  of  1.00  was  empirically 
adopted  as  representing  the  temperature  existing  in  the  furnace 
at  the  time  No.  1  foundry  iron  was  being  produced.  If  the 
furnace  cooled  off  sufficiently  to  produce  No.  2  foundry  iron, 
the  grade-heat,  0.98,  was  adopted;  similarly,  0.96  represented 
No.  3  foundry  iron,  0.93  gray  forge,  0.90  mottled  and  0.88  was 
the  grade-heat  employed  when  the  furnace  was  cold  enough  to 
produce  white  iron.  On  the  other  hand,  when  the  furnace  was 
hotter  than  was  necessary  to  produce  No.  1  foundry  iron,  a 
grad^heat  of  1.02  was  employed  to  indicate  No.  1  soft  iron, 
and  1.03  to  indicate  No.  2  soft;  and  if  the  furnace  became  hot 
enough  to  produce  silver  gray  or  glazed  iron,  this  was  indicated 
by  a  grade-heat  of  1.05.  While  these  grade-heats  probably  do 
not  express  the  exact  ratios  of  the  temperature  existing  in  a 
blast-furnace  at  the  time  the  different  grades  of  iron  are  being 
produced,  they  do  represent  the  relative  temperature,  and  afford 
a  means  of  expressing,  in  figures,  the  conditions  of  a  blast-fur- 
nace. In  order  to  determine  the  grade-heat  for  the  blastrfur- 
nace  for  any  given  day,  resort  was  made  to  the  daily  report  of 
the  iron  grades.  From  this  report  the  number  of  tons  of  each 
grade  of  iron  was  obtained,  and  these  amounts  were  each  mul- 
tiplied by  the  proper  grade-heat,  and  the  sum  of  these  products 
was  divided  by  the  total  number  of  tons  produced.  For  ex- 
ample, if  the  furnace  made  105  tons  in  a  day,  consisting  of  40 
tons  of  No.  2  foundry,  30  tons  of  No,  3  foundry,  and  35  tons 
of  gray  forge,  the  mean  grade-heat  would  be  found  as  follows: 

40x0.98, 39.2 

30x0.96, 28.8 

35x0.93, 32.55 


100.65 
100.65  -r  105  =  0.967,  the  mean  grade-heat  of  the  day. 

Daily  observations  were  made  on  the  two  blast-furnaces  of 
the  company  from  July,  1888,  to  August,  1890,  inclusive,  at 
which  latter  time  I  resigned  my  position  to  accept  the  chair  of 
Metallurgy  and  Analytical  Chemisty  at  the  University  of  Michi- 
gan. The  result  of  all  these  observations  were  plotted  in  curves 
which  showed  the  dew-point,  yield  of  iron  per  day,  the  grade- 
heat  and  the  burden  of  ore  per  buggy. 

[4] 


APPLICATION    OP   DRY-AIR    BLAST   TO    MANUFACTURE  OF   IRON.       29 

From  the  original  curves,  extending  over  a  period  of  26 
months,  which  have  been  kindly  lent  to  me  by  Mr.  W.  J.  Isaac- 
son (Managing  Director  of  the  Dayton  Coal  &  Iron  Co.),  I  have 
selected  16  typical  instances  showing  the  influence  of  variations 
in  the  dew-point  on  the  working  of  the  furnace.  The  results 
of  these  variations  are  given  in  Table  I.,  and  the  data  of  all 
the  Sections  of  this  table  are  shown  graphically  in  Figs.  1  to 
16. 

A  study  of  these  curves  revealed  some  exceedingly  interests 
ing  relations, — especially  the  sensitiveness  of  a  well-burdened 
furnace  to  atmospheric  changes.  In  studying  these  curves,  it 
must  be  borne  in  mind  that  the  variations  in  atmospheric  mois- 
ture are  not  the  only  irregularities  in  the  material  entering  the 
furnace,  because  the  solid  material— coke,  iron-ore  and  lime- 
stone— are  liable  to  vary  from  day  to  day.  The  company  oper- 
ated furnaces  No.  1  and  No.  2,  which  were  apparently  alike  in 
size  (75  ft.  high,  18  ft.  bosh,  9  ft.  hearth),  each  having  eight 
6-in.  tuyeres.  No.  1  furnace  was  considerably  further  from  the 
engine-house  than  was  No.  2,  which  seemed  to  be  about  the 
only  difference  in  the  furnaces,  yet  No.  1  would  never  average 
as  large  a  yield  of  iron,  nor  would  it  carry  as  heavy  an  ore- 
burden,  as  would  No.  2.  A  study  of  the  curves  show  that  while 
No.  1  furnace  was  in  general  affected  by  atmospheric  changes, 
like  No.  2,  the  extent  of  the  changes  was  not  usually  as  strongly 
marked  as  in  the  latter  furnace.  If  a  furnace  is  carrying  a  full 
burden  of  ore,  the  heat  being  well  concentrated  in  the  hearth, 
with  a  cool  top  and  the  dew-point  rises — ^that  is,  the  amount  of 
moisture  introduced  at  the  tuyeres  is  increased — the  effect  of 
this  begins  to  show  within  5  or  6  hr.,  either  through  a  falling- 
off  in  the  grade-heat  alone,  or  in  a  cooling-off  of  the  furnace 
accompanied  by  slower  driving.  On  the  other  hand,  if  a  fur- 
nace is  running  normally,  with  the  heat  well  down  in  the  hearth, 
with  the  top  cool,  and  there  is  a  fall  in  the  dew-point,  the  effect 
is  first  shown  by  a  rise  in  the  grade-heat  and  an  increase  in  the 
rate  of  driving, — that  is,  an  increase  in  the  output  of  iron.  If 
the  dew-point  remains  persistently  low,  and  the  ore-burden  is 
not  increased,  the  effect  is  frequently  to  raise  the  width  of  the 
fusion-zone,  after  two,  three  or  sometimes  four  days,  the  grade- 
heat  often  falling-off  somewhat  as  the  height  of  the  fusion-zone 
is  increased.     If,  after  several  days  running  with  an  abnormally 
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high  fusion-zone,  the  dew-point  again  rises,  the  effect  ier  fre- 
quently to  lower  the  fusion-zone  suddenly,  coincident  with  the 
falling-off  of  the  grade-heat.  This  sudden  lowering  of  the 
fusion-zone  causes  the  stock  to  come  in  contact  with  that  por- 
tion of  the  bosh-walls  which  was  superheated  during  the  period 
of  low  dew-point,  and  tends  to  stick  and  form  scaffolds.  These 
incipient  scaffolds  afterward  give  way  under  the  weight  of  the 
stock,  causing  slips  and  slides,  with  accompanying  troubles. 

K  a  furnace  is  normally  "  underburdened,"  if  such  an  ex- 
pression may  be  used,  a  change  in  atmospheric  moisture  does 
not  usually  produce  as  marked  an  effect  on  the  furnace,  since 
the  total  heat-energy  developed  in  the  furnace  is  greater  than 
should  be  required,  and  the  effect  of  an  absorption  of  heat  by 
increased  amount  of  moisture  in  the  blast  would  not  be  as 
noticeable  as  if  the  furnace  were  carrying  a  full  burden.  On 
the  other  hand.  No.  1  furnace,  which  was  usually  underbur- 
dened,  had  a  greater  tendency  to  form  incipient  scaffolds  than 
did  No.  2,  which  usually  carried  a  full  burden. 

Up  to  the  time  these  systematic  observations  were  made, 
much  trouble  has  always  been  experienced  from  scaffolds,  espe- 
cially during  the  months  of  January  and  February.  During 
these  months  in  the  south  the  fluctuations  in  the  moisture  is 
apt  to  be  very  great,  and  consequently  the  conditions  conducive 
to  the  formation  of  scaffolds  occur  most  frequently.  Moreover, 
the  dew-point  is  apt  to  be  low  for  several  days,  thus  tending  to 
increase  the  height  of  the  fusion-zone,  and  then  rise  quite  rap- 
idly, causing  a  sudden  contraction  in  the  fusion-zone,  with  a 
tendency  toward  the  formation  of  scaffolds.  When  the  most 
frequent  cause  of  these  irregularities  was  appreciated,  proper 
steps  were  taken  whenever  a  marked  change  in  the  dew-point 
indicated  the  necessity.  By  careful  controlling  of  the  burden, 
etc.,  according  to  the  indications,  as  shown  by  the  hygrometer, 
many  of  these  irregularities,  which  had  previously  been  such  a 
serious  cause  of  trouble,  could  be  overcome.  Thus,  in  many 
instances,  when  the  foundry-man  perceived  that  the  dew-point 
was  rapidly  rising,  he  would  put  in  an  extra  charge  of  fuel 
without  any  ore.  This  extra  fuel  would  prevent  the  grade-heat 
from  falling,  but,  as  it  was  not  registered  in  the  furnace-book, 
it  is  not  shown  in  the  curves. 
.    In  the  summer  months,  although  the  dew-point  was  very 
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high,  the  fluctuations  were  usually  confined  to  rather  narrow 
limits,  SO  that  the  furnace  would  not  carry  as  heavy  an  ore- 
burden  as  during  the  colder  months ;  but  the  work  of  the  fur- 
nace was  apt  to  be  more  regular  than  during  the  winter  months. 

While  it  is  extremely  difficult  to  express  in  numbers  the 
exact  saving  that  would  be  effected  in  blast-furnace  practice  by 
removal  of  the  moisture  from  the  air,  my  two  years  of  close 
observation  of  the  influence  of  atmospheric  changes  on  the 
fiirnace-operation  convinced  me  that  at  least  two-thirds  it  not 
three-fourths  of  the  irregularities  in  blast-furnace  running  were 
directly  attributable  to  the  varying  amount  of  moisture  enter- 
ing the  furnace.  The  lack  of  uniformity  in  the  grade  of  the 
iron,  and  the  irregularity  in  the  running  of  the  furnace,  is  due 
not  so  much  to  the  amount  of  moisture  entering  into  the  fur- 
nace at  a  given  time  as  the  fluctuations  in  the  amount  of  mois- 
ture on  different  days. 

I  cannot  but  feel  that,  if  Mr.  Gayley  has  succeeded,  as  he 
apparently  has,  in  reducing  the  amount  of  moisture  to  a  small 
and  constant  amount,  his  invention  will  eventually  prove  to  be 
the  most  important  advance  in  the  metallurgy  of  pig-iron  since 
the  introduction  by  Neilson  of  the  hot  blast,  more  than  75 
years  ago. 

Table  I. — Data  of  Blast-Furnace  Operations  at  Dayton^  Term, 


Coke  for  Decom- 

Daily Out- 

Dew- 

position  of 
Moisture. 

put  of 
Iron. 

Grade- 

Ore- 

Series.        Date. 

Point. 

Heat 

Burden. 

1888. 

'F. 

Pounds. 

Tons. 

Pounds 

I.     Aug.  20. 

74 

32.48 

•      68 

0.977 

1,050 

Aug.  21. 

72 

29.72 

78 

0.969 

1,050 

Aug.  22. 

66 

24.92 

75 

0.975 

1,100 

Aug.  23. 

58 

18.11 

74 

0.975 

1,125 

Aug.  24. 

62 

22.03 

70 

0.979 

1.125 

Aug.  26. 

65 

24.92 

76 

0.980 

1,125 

Aug.  26. 

66 

24.50 

70 

0.993 

1,125 

Aug.  27. 

69 

26.07 

69 

0.957 

1,125 

Aug.  28. 

70 

23.44 

68 

0.915 

1,125 

Aug.  29. 

72 

27.67 

69 

0.945 

1,125 

Aug.  30. 

73 

30.69 

77 

0.973 

1,050 

Aug.  31. 

73 

30.69 

71 

0.997 

1,050 

II.    Sept  22. 

70 

26.91 

84 

0.976 

1,075 

Sept.  23. 

66 

24.50 

101 

0.985 

1,075 

Sept.  24. 

57 

18.13 

98 

0.988 

1,100 

Sept.  25. 

58 

18.44 

101 

0.983 

1,100 

Sept.  26. 

56 

17.54 

100 

0.989 

1,100 

Sept.  27. 

53 

15.83 

103 

0.997 

1,100 

Sept.  28. 

47 

13.28 

101 

0.985 

1,1(0 

Sept  29. 

45 

12.79 

104 

0.968 

1,100 

Sept  30. 

50 

14.27 

90 

0.930 

1,100 

[7] 


82      APPLICATION   OP   DRY-AIR   BLAST   TO   MANUFAOTURB  OF   IRON. 


Oct      1. 

69 

17.68 

39 

0.930      • 

1,100 

Oct      2. 

63 

14.87 

76 

0.964 

1,100 

Oct      3. 

44 

11.16 

90 

1.003 

1,100 

Oct      4. 

47 

12.61 

91 

0.989 

1,125 

Oct      5. 

67 

18.60 

96 

0.996 

1,125 

in.     Oct    27. 

60 

19.56 

92 

0.970 

1,176 

Oct    28. 

48 

12.49 

103 

0.918 

1,175 

Oct    29. 

43 

10.66 

104 

1.000 

1,175 

Oct.    30. 

47 

12.62 

90 

1.005 

1,175 

Oct    31. 

61 

13.99 

99 

0.975 

1,175 

Nov.     1. 

53 

14.74 

101 

0.953 

1,226 

Nov.     2. 

62 

19.99 

101 

0.930 

1,225 

Nov.    3. 

68 

17.14 

90 

0.968 

1,225 

Nov.    4. 

63 

16.29 

96 

1.020 

1,225 

Nov.    5. 

69 

19.41 

104 

0.997 

1,225 

Nov.     6. 

63 

21.25 

93 

0.962 

1,225 

IV.    Dec   16. 

62 

14.62 

101 

0.991 

1,200 

Dec  17. 

45 

11.04 

91 

0.945 

1,200 

Dec  18. 

33 

7.09 

101 

0.984 

1,200 

Dec  19. 

26 

5.65 

90 

1.026 

1,200 

Dec  20. 

27 

6.56 

98 

1.029 

1,250 

Dec  21. 

28 

6.15 

105 

1.020 

1,250 

Dec   22. 

26 

5.70 

101  • 

0.986 

1,250 

Dec.  23. 

21 

4.38 

89 

0.984 

1,250 

Dec  24. 

40 

10.21 

93 

1.018 

1,200 

Dec  26. 

43 

11.33 

93 

1.008 

1,200 

Dec  26. 

44 

11.06 

79 

1.008 

1,200 

Dec  27. 

37 

8.40 

69 

0.945 

1,200 

1889. 

V.    Feb.   12. 

26 

6.00 

78 

1.012 

1,050 

Feb.    13. 

33 

7.96 

89 

1,082 

1,050 

Feb.    14. 

44 

11.76 

89 

0.917 

1,050 

Feb.   15. 

61 

14.60 

80 

0.900 

1,060 

Feb.   16. 

67 

16.88 

80 

0.904 

1,060 

Feb.    17. 

68 

18.11 

80 

0.930 

1,075 

Feb.   18. 

33 

7.62 

88 

0.962 

1,]25 

Feb.   19. 

24 

6.49 

96 

0.994 

1,160 

Feb.   20. 

29 

6.73 

96 

0.993 

1.160 

Feb.   21. 

29 

6.61 

86 

0.940 

1,160 

Feb.   22. 

32 

7.41 

87 

0.986 

1,150 

Feb.   23. 

26 

6.60 

74 

1.013 

1,150 

VL    Apr.     1. 

62 

14.22 

84 

0.936 

1,160 

Apr.     2. 

48 

12.61 

98 

0.985 

1,160 

Apr.     3. 

46 

11.86 

100 

1.041 

1,160 

Apr.     4. 

38 

8.94 

102 

1.001 

1,160 

Apr.     5. 

41 

10.16 

91 

1.010 

1,160 

Apr.     6. 

28 

6.48 

101 

1.007 

1,150 

Apr.     7. 

39 

8.97 

105 

0.992 

1,160 

Apr.     8. 

41 

9.98 

102 

0.942 

1,160 

VII.     Sept  16. 

70 

27.39 

96.6 

0.964 

1,060 

Sept  17. 

63 

21.82 

94.6 

0.970 

1,060 

Sept  18. 

48 

13.64 

101 

1.020 

1,060 

Sept  19. 

47 

12.40 

102 

0.992 

1,080 

Sept  20. 

62 

16.42 

103 

1.005 

1,100 

Sept  21. 

63 

16.70 

102 

0.978 

1,060 

Sept  22. 

63 

16.01 

101 

0.932 

1,060 

Sept  23. 

69 

19.42 

101 

0.961 

1,060 

Sept  24. 

64 

23.63 

98 

0.999 

1,060 

Sept.  26. 

61 

20.42 

101 

0.967 

1,060 
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vni.  Oct. 

8. 

37 

8.64 

102 

0.960 

1,100 

Oct. 

9. 

44 

11.16 

102 

0.937 

1,100 

Oct 

10. 

61 

14.26 

102 

0.945 

1,060 

Oct 

11. 

68 

14.74 

102 

0.920 

1,060 

Otet 

12. 

69 

20.42 

102 

0.998 

1,060 

Oct 

13. 

69 

20.76 

97 

0.9(58 

1,060 

Oct 

14. 

39 

Gleaning  fines. 
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84      APPLICATION   OF   DRY-AIR    BLAST   TO   MANUPAOTURB  OP   IRON. 


XIIL     Feb.  16. 
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70 
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90 
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70 

27.39 

89 

0.982 
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86      APPLICATION   OF  DRT-AIR   BLABI   TO   MANUFAOTURB  OF  IRON. 
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APPLICATION   OF   DRT-AIR   BLAST   TO   MANUFACTURE  OF  IRON.      87 
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88      APPLICATION   OF   DET-AIR   BLAST   TO   MANUFAOTURB  OF   IRON. 
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APPLICATION   OF   BRT-AIR   BLAST   TO   MANUFACTURE  OF  IRON.      89 
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40      APPUCATION   OF   PBT-AIB   BLAST  TO   MANUFAOTUBB  OF  IBON. 
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APPLICATION   OP   DRT-AIR   BLAST   TO   MANUFACTURE  OP  IRON.      41 
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42      APPLICATION   OF   DRT-AIR   BLAST  TO   MANUFACTURE  OF   IRON. 
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APPLICATION   OF   DRT-AIR   BLAST   TO   MAKUFAOTUBE  OF  IRON.      48 
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44      APPLICATION   OP  DRT-AIR   BLABT  TO   MANUPAOTURB  OP   IRON. 


8£Ri£8  X                                   ^w.  1^72,  1889 
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APPLIOATIOK   OF   DRT-AIB   BLAST   TO   MANUFACTURB  OF   IRON.      45- 
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46      APPLICATION    OF   DBT-AIR   BLAST   TO   MANUFAOTUBE  OF   IRON. 
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APPLICATION    OP   DRY-AIE   BLAST   TO   MANUFACTURE  OP   IRON.      4T 
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SUBJECT  TO  BEViaiON. 

[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


The  Effect  of  Silver  on  the  Chlorination  and  Bromination 

of  Gold. 

A  Reply  to  the  Discussion,  by  T.  K.  Bose,  of  the  paper  by  H.  O.  Hofman  and 
M.  G.  MagnoBon,  read  at  the  British  Colombia  Meeting,  July,  1905. 

(Bethlehem  Meetlog,  February,  1906.) 

H.  O.  HoPMAN,  Boston,  Mass.  (communication  to  the  Secre- 
tary*) : — In  chlorinating  and  brominating  silver-bearing  gold- 
ores  in  revolving  barrels,  it  is  found  that  comparatively  little 
silver  is  extracted,  and  it  is  believed  that  the  silver  has  a  harm- 
ful influence  upon  the  yield  of  the  gold.  It  is  this  belief  which 
prompted  us  to  undertake  the  work.  As  pur  paper  shows,  we 
confined  our  attention  to  barrel-work  and  tried  to  imitate  the 
large-scale  conditions,  as  far  as  possible,  in  a  series  of  labora- 
tory experiments  with  the  two  variables ; — concentration  of  so- 
lutions and  percentages  of  silver.  We  did  not  attempt  to 
solve  the  purely  chemical  question  of  the  relative  solubility  of 
gold  in  chlorine  and  bromine,  but  had  to  consider  incidentally 
one  phase  of  it  in  making  the  start  of  our  alloy-series  with 
pure  gold.  A  determination  of  the  relative  powers  of  chlorine 
and  bromine  to  dissolve  gold  would  have  required  a  very  dif- 
ferent series  of  tests,  in  which  varying  amounts  of  liquid  chlo- 
rine and  bromine,  dissolved  in  a  given  amount  of  water,  would 
have  been  revolved  together  in  glass-stoppered  bottles  in  the 
regulation  water-bath  for  different  periods  of  time,  and  made 
to  act  upon  the  same  excess  of  finely-divided  gold.  In  com- 
paring barrel-chlorination  and  barrel-bromination  as  carried 
out  in  treating  ores,  the  chlorine  solution  will  probably  be 
warmer  at  the  start  than  the  bromine  solution,  as  pointed  out 
by  Dr.  Rose,  and  be  therefore  liable  to  act  more  energetically 
than  its  equivalent  of  bromine ;  but  that  lies  in  the  nature  of 
the  two  processes.  Although  our  paper  clearly  points  to  the 
fact  that  we  confined  our  work  to  following  the  working  con- 
ditions of  ore-treatment  in  revolving-barrels,  a  misunderstand- 
ing of  our  purpose  would  have  been  excluded  if  we  had  stated 
it  in  so  many  words  in  the  text  or  in  the  title. 

*  Received  October  19, 1905. 
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[TBANSACnONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEER.] 


The  Beard-Mackie  Sight-Indicator  for  the  Measurement 
of  Marsh-Gas  in  Collieries. 

BT  M.    H.    HARRINGTON,   PHILADELPHIA,   PA. 
(Bethlehem  Meeting,  February,  1906.) 

The  Transactions  of  the  Institute  aflford  abundant  evidence 
of  the  general  recognition  by  mining  engineers  of  the  impor- 
tance of  a  safety-lamp  which  will  not  only  give  warning  of  the 
presence  of  fire-damp,  but  will  also  indicate  the  proportion  in 
which  it  is  present.* 

Mining-men  are  only  too  familiar  with  the  frequent  and  sud- 
den changes  that  constantly  occur  at  the  working-face  of  a 
gaseous  mine.  Nothing  illustrates  more  forcibly  the  pregnant 
condition  of  the  strata  enfolding  the  seam  and  the  seam  itself, 
than  the  fact  that  a  circulation  of  perhaps  150,000  cu.  ft.  of  air 
may  contain  2  or  even  8  per  cent,  of  marsh-gas,  representing 
a  volume  of  from  8,000  to  4,000  cu.  ft.  of  this  gas  pouring  out 
each  minute  from  the  natural  strata  into  the  mine-workings.  It 
would,  indeed,  be  strange  if  this  great  outflow  of  gas  were 
always  constant,  and  it  creates  no  surprise  that  such  earth- 
breathings,  as  they  may  be  called,  are  spasmodic  and  irregular 
in  their  wane  and  flow.  There  are  other  causes  that  act  to  vary 
the  gaseous  condition  of  mine-air.  Gas  has  a  tendency,  often 
very  manifest  in  mine-workings  and  airways,  to  stratify  and,  at 
times,  to  travel  long  distances  in  veins  or  streams.  It  is  com- 
mon to  catch  and  lose  the  gas  in  the  lamp  when  making  a  test. 
At  times  two  lamps,  held  side  by  side  in  an  air  current,  will  in- 
dicate diflferent  gaseous  conditions  of  the  passing  air.  When 
testing  for  gas,  the  lamp  may  suddenly  fill  with  flame,  in  a 
mine-chamber,  where  a  moment  before  a  careful  test  showed 
the  presence  of  but  1  per  cent,  of  gas. 

It  is  sometimes  remarked  that  there  is  little  need  of  detect- 
ing a  smaller  percentage  of  gas  than  is  revealed  by  the  common 

^  See  2Van<.,  ziii.,  129;  ziv.,  410;  and  especially  the  elaborate  papers  of 
Profo.  Chesneau  and  Clowes,  zzii.,  120,  606,  with  the  discussion,  zzii,  725. 
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Davy  lamp.  This  quantity,  according  to  the  ability  of  the  ob- 
server to  discern  the  flame-cap,  will  vary  from  2.5  to  3  per  cent 
Indeed,  few  men  are  able  to  discover  the  slightest  indication  of 
gas  when  the  quantity  present  is  as  low  as  2.5  per  cent  In  a 
recent  discussion  of  this  subject  that  took  place  in  a  meeting  of 
the  Institution  of  Mining  Engineers,  England,'  it  was  stated 
that  the  observance  of  a  minute  flame-cap  by  two  individuals 
will  differ  according  to  the  object  each  had  in  view.  An  in- 
stance was  cited  where  a  mine-inspector  and  a  mine-overman, 
both  experienced  mining-men,  entered  a  place  where  the  in- 
spector wanted  to  show  the  presence  of  gas ;  the  overman  failed 
to  detect  the  flame-cap,  which  was  plainly  visible  to  the  inspec- 
tor. Shortly  after,  the  inspector  failed  to  see  any  appearance 
of  gas  on  the  flame  in  the  overman's  lamp  in  another  he{iding 
where  the  latter  claimed  he  had  found  gas.  As  a  matter  of 
fact,  there  is  too  much  guessing  in  the  method  of  detecting  the 
presence  of  gas  by  the  height  of  the  flame-cap,  which  is  very 
indistinct,  except  when  the  proportion  of  gas  reaches  3  per 
cent 

The  papers  of  Profs.  Chesneau  and  Clowes  describe  many 
ingenious  devices ;  several  of  these,  while  possessing  more  or 
less  accuracy,  require,  as  a  rule,  peculiar  and  sometimes  expen- 
sive apparatus.  It  is  the  purpose  of  my  paper,  not  to  discuss 
the  relative  merits  of  these  devices,  but  to  call  attention  to  a 
very  simple  attachment,  known  as  the  Beard-Mackie  sight-in- 
dicator, which  was  designed  three  years  ago,  after  a  long  series 
of  experiments,  by  Prof.  J.  T.  Beard,  principal  of  the  coal 
mining  department  of  the  International  Correspondence  Schools, 
Scranton,  Pa.,  but  formerly  an  active  colliery-manager  and  en- 
gineer in  the  Western  coal-field,  and  secretary  of  the  Iowa 
State  Mining  Board.  This  little  apparatus,  which  can  be 
adapted  and  attached  to  any  ordinary  safety-lamp,  is  intended 
to  utilize  the  familiar  phenomenon  of  the  lengthening  of  the 
flame-cap  in  proportion  to  the  increase  of  methane  in  the  sur- 
rounding atmosphere  in  such  a  manner  as  to  measure  the  height 
of  the  cap  with  exactness,  and  to  eliminate  the  element  of  guess- 
ing above  mentioned,  by  substituting  a  plainly  visible  indication 
of  the  position  of  the  flame-tip,  whereby  the  percentage  of  gas 
in  the  air  is  made  known. 

*  Tranaactions  of  the  Institution  of  Mining  Engineers^  vol.  ixvi.,  p.  217. 
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This  indicator  has  been  succesefally  tested  in  practice  both 
in  this  country  and  abroad. 

The  following  description  of  the  indicator  was  written  at  my 
request  by  Prof.  Beard : — 

The  device  depends  upon  the  well-known  property  of  pla- 
tinum of  inducing  the  union  of  oxygen  and  other  gases  in  con- 
tact with  its  surface,  which  property  is  possessed  by  the  com- 
pact metal  to  a  less  degree  than  spongy  platinum  only  in 
proportion  as  its  surface  is  less  than  the  surface  of  the  latter. 
The  stimulation  of  the  chemical  activity  at  the  surface  of  the 
metal,  when  gas  is  present,  is  sufficient  to  maintain  a  red  heat 
in  a  platinum  foil.  This  is  shown  by  heating  the  foil  to  red- 
ness in  a  gas-flame,  and  then  shutting  ofi*  the  gas  suddenly  and 
at  once  turning  it  on  again.  While  the  heat  developed,  in  this 
case,  is  not  sufficient  to  cause  the  gas  to  ignite,  it  maintains  a 
red  glow  in  the  platinum,  which  only  ceases  when  the  gas  is 
shut  off.  The  degree  of  heating  is  determined  by  the  ratio  of 
the  surface  to  the  volume  of  the  metal,  which,  in  the  case  of 
spongy  platinum,  is  sufficient  to  cause  the  ignition  of  the  gas, 
and  which,  in  the  fine  wires  of  the  indicator,  causes  a  white 
heat  that  enables  the  lamp  to  hold  its  flame,  relighting  the 
lamp  after  extinction  in  "  sharp  "  gas.  This  feature,  which  is  of 
great  advantage  in  the  work  of  testing  for  gas  in  the  mine,  has 
been  often  proved,  both  in  the  mine  and  in  the  laboratory, 
when  the  lamp  has  been  introduced  into  an  atmosphere  of  gas 
that  was  extinctive  owing  to  the  excess  of  gas.  All  flame  would 
then  die  out  within  the  lamp,  the  wires  alone  remaining  incan- 
descent, and  relighting  the  gas  when  the  lamp  is  slowly  with- 
drawn, the  gas  in  turn  relighting  the  lamp.  It  is  noteworthy 
that  the  platinum  wires  incandesce  at  a  considerable  height 
above  the  tip  of  the  flame,  owing  to  the  peculiar  property  of  the 
platinum  that  stimulates  the  combustion  of  the  gas  in  contact 
with  its  surface. 

The  underlying  principle  of  this  device  is  practically  the 
same  as  that  involved  in  the  Liveing  indicator,  described  by 
Prof.  Chesneau;*  but  in  the  Liveing  indicator  the  original 
source  of  heat  is  an  electric  current  made  to  pass  through  the 
platinum  wire,  while  in  the  present  device  the  heat  is  derived 

'  Trans,  f  xxii.,  p.  139. 
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originally  from  the  flame  of  the  safety-lamp  in  which  the  indi- 
cator is  placed. 

The  same  principle  had  been  applied  in  a  less  practical  man- 
ner, previously,  by  Mr.  M.  D.  Mackie,  an  experienced  fire-boss 
at  the  Marvine  colliery  of  the  Delaware  and  Hudson  Sailroad 
Company's  coal  department.  Mr.  Mackie  supported  a  small 
platinum  coil  above  the  flame  of  a  common  Davy  lamp  by 
means  of  a  brass  rod  that  passed  up  through  the  oil-vessel  into 
the  lamp.  By  moving  the  rod  up  and  down,  a  position  was 
found  in  which  the  platinum-wire  just  ceased  to  glow.  The 
height  of  the  wire  above  the  flame  at  the  moment  it  ceased  to 
glow  furnished  the  means  of  telling  the  percentage  of  gas  in 
the  air  fed  into  the  lamp. 

After  seeing  Mr.  Mackie's  lamp,  and  making  a  few  prelimi- 
nary experiments  with  wires  of  different  gauge,  I  designed  the 
present  form  of  the  sight-indicator ;  but  not  wishing  to  deprive 
Mr.  Mackie  of  the  credit  that  is  his  due,  I  have  called  it  the 
Beard-Mackie  sight-indicator. 

The  device,  as  shown  in  Pig.  1,  detached  from  the  lamp,  con- 
sists of  a  p -shaped  support,  made  of  No.  14  brass  wire  and 
riveted  to  a  brass  disk,  which  forms  its  base  and  fits  over  the 
wick-tube  of  the  lamp.  The  indicator  is  thus  held  firmly  in 
position  in  the  lamp  by  the  same  nipple  that  secures  the  burner. 
As  shown  in  Pig.  1,  supported  on  this  frame,  are  seven  plati- 
num cross-wires,  a  straight  standard-wire  at  the  bottom,  and 
above  this,  six  percentage-wires,  each  having  a  small  loop  or 
circle  in  the  middle.  The  loops  enable  the  incandescent-wires 
to  be  more  readily  and  quickly  discerned  within  the  gauze  of 
the  lamp.  The  lower  standard-wire  is  for  the  purpose  of  gaug- 
ing the  height  of  the  lamp-flame  in  pure  air.  The  presence  of 
gas  is  then  made  known  by  the  incandescence  of  the  successive 
percentage-wires,  the  percentage  of  gas  being  indicated  at  once 
by  the  number  of  wires  aglow.  The  successive  percentage- 
wires  indicate,  respectively,  0.5,  1, 1.5,  2,  2.5  and  8  per  cent,  of 
gas  in  the  air. 

In  the  calibration  of  the  indicator  an  unbonneted  Davy  lamp, 
burning  pure  sperm  oil,  was  used.  The  lamp  was  hung  in  a 
small  wooden  box  10  in.  by  10  in.  by  16  in.,  shown  in  Pig.  2. 
This  box  was  connected  below  and  above  with  a  10-in.  pipe 
that  formed  a  stack  for  the  escape  of  the  gas.     The  box  was 
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Fig.  1.— Wire- 
Frame  Support  for 
Platinum  Wires. 


Fig.    2. — Box    and    Davy 
Lamp  Used  in  Calibration. 


Fig.  3. —Sight- 
Indicator  in  a 
Dayy  Lamp. 


Fig.  4.  —  Sight- 
Indicator  in  a  Bon- 
neted Clanny  Lamp. 


Pig.  5.— Beard's 
Special  Form  of  the 
Clanny  Lamp. 


Fig.  6. — Special  Form 
of  the  English  Lamp 
Adapted  for  the  Sight- 
Indicator. 
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provided  with  a  glass  door  at  the  front,  through  which  the  be- 
havior of  the  lamps  could  be  distinctly  observed ;  the  pipe  was 
open  at  the  bottom  and  top  to  permit  the  free  upward  passage 
of  the  air  and  gas.  City  gas  was  used,  and  this  was  introduced 
into  the  lower  end  of  the  pipe  by  the  rubber  tube  leading  from 
a  gas-jet  above.  A  damper  in  the  pipe,  just  above  the  box,  al- 
lowed the  operator  to  accumulate  the  gas  so  as  to  obtain  any 
desired  gaseous  condition  of  the  air  passing  through  the  box 
in  a  constant  stream ;  and  it  was  also  possible  to  maintain  this 
constant  condition  of  the  passing  current  for  any  length  of 
time,  so  as  to  enable  a  test  to  be  made  with  the  Shaw  gas-ma- 
chine located  at  one  side  of  the  box.  A  rubber  tube  connected 
this  machine  with  a  short  brass  pipe  inserted  in  the  back  of  the 
box  and  extending  to  its  center,  terminating  at  a  point  close  to 
the  gauze  where  the  feed-air  entered  the  lamp.  By  this  means, 
it  was  possible  to  obtain  an  accurate  test  of  the  air  that  was 
feeding  the  lamps  at  any  desired  moment 

Before  placing  an  indicator  in  the  lamp,  experiments  were 
made  to  ascertain  the  relation  between  the  heights  of  the  flame- 
cap  and  the  percentages  of  gas  causing  the  same,  for  the  pur- 
pose of  confirming  the  law  formulated  by  Mr.  William  Gtdlo- 
way,  which  says  that  the  height  of  the  cap  varies  with  the 
cube  of  the  percentage  of  gas  present  in  the  air.  The  height 
(A)  in  inches,  for  any  percentage  (J),  was  thus  found  to  be  ex- 
pressed by  the  formulas, 

TJnbonneted  Davy  (sperm  oil),  J  =  *i/36  h  (Beard) ; 
Bonneted  Davy  (sperm  oil),      J  =  V70  h  (Galloway). 

Having  made  these  preliminary  tests,  an  indicator-frame, 
with  cross-wires  of  platinum  arranged  upon  it  at  uniform*  dis- 
tances apart,  was  placed  in  the  lamp,  and  careful  observations 
made  to  ascertain  the  relation  of  the  height  of  incandescence  of 
these  wires  to  the  percentage  of  gas  in  the  air  passing  upward 
through  the  box.  By  this  means,  the  heights  of  the  several 
percentage-wires  was  determined.  These  observations  and  ex- 
periments, repeated  many  times  and  in  different  ways,  revealed 
the  discouraging  fact  that  it  was  seemingly  impracticable  to 
attempt  to  insert  a  0.5-per  cent,  wire,  because  its  position  was 
too  close  to  the  standard-wire  used  to  gauge  the  flame.     So 
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close  would  this  first  percentage-wire  be  to  the  standard-wire 
that  it  required  considerable  care  to  set  the  flame  so  that  it 
would  incandesce  the  latter  without  causing  both  to  glow. 
This  difficulty,  however,  was  successfully  overcome  later  by 
using  a  slightly  heavier  iron  wire  in  place  of  the  platinum 
standard-wire.  This  iron  wire  had  the  effect  of  killing  the  heat 
in  the  immediate  tip  of  the  flame,  with  the  result  that  each  of  the 
three  lowest  percentage-wires  had  to  be  raised.  The  lowest,  or 
0.5-per  cent,  wire,  was  raised  the  most;  that  next  above,  a  less 
amount ;  and  the  upper  one  of  the  three,  the  least  of  all.  The 
three  upper  percentage-wires  were  not  disturbed  in  their  posi- 
tion by  the  introduction  of  the  iron  wire  for  a  standard-wire. 
The  idea  of  thus  killing  the  heat  in  the  extreme  tip  of  the 
flame  was  suggested  by  the  principle  of  Sir  Humphrey  Davy's 
wire-gauze. 

The  iron  standard-wire,  however,  proved  a  source  of  annoy- 
ance in  the  use  of  the  indicator  in  strong  gas.  It  would  bum 
out  in  a  short  time,  and  required  to  be  replaced  by  another  wire. 
Further  experiment  showed  that  copper  wire  could  not  be  used, 
probably  owing  to  its  high  conductivity;  aluminum,  likewise, 
has  a  comparatively  high  conducting  power,  and,  in  addition,  it 
would  not  stand  the  heat  of  the  flame.  Finally,  the  use  of  a 
platinum  wire  of  a  somewhat  lower  gauge  was  found  to  meet 
every  requirement. 

The  advantage  of  the  sight-indicator  over  the  usual  method 
of  testing  for  gas  may  be  briefly  stated  as  follows :  with  the 
normal  working-flame  of  a  Davy  or  Clanny  lamp,  burning  or- 
dinary sperm  or  lard  oil,  it  makes  plainly  visible  within  the 
lamp  the  slightest  change  in  the  gaseous  condition  of  the  mine- 
air,  and  indicates  with  great  accuracy  the  exact  percentage  of  gas 
present,  in  amounts  varying  from  0.5  to  8  per  cent.  Beyond 
this  quantity  the  percentage  of  gas  is  estimated  readily  by  the 
usual  method  of  observing  the  height  of  the  flame-cap,  which 
is  then  clearly  discernible.  No  time  is  lost  in  drawing  down 
the  flame  when  making  a  test,  and  the  risk  of  losing  the  light 
is  eliminated.  The  indicator,  operating  continuously  and  auto- 
matically, reveals  the  presence  of  unsuspected  gas  where  a  test 
by  the  usual  method  would  be  considered  unnecessary ;  a  pos- 
sible accident  may  be  thereby  averted.  Aside  from  the  actual 
determination  of  the  percentage  of  gas  present,  however,  the 
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chief  advantage  of  such  a  device,  in  a  mine,  is  its  power  to 
show  constantly  the  fluctuation  in  the  percentage  of  gas. 

The  test  is  quickly  made,  as  the  wires  respond  promptly  to 
the  slightest  change  in  the  gaseous  condition  of  the  air.  A 
change  caused  by  the  accidental  setting  open  of  a  door,  and  the 
consequent  derangement  of  the  ventilating  current,  or  the  lib- 
eration of  gas  by  a  fall  of  roof  in  another  portion  of  the  mine, 
or  an  increased  outflow  of  gas  from  old  workings,  caused  by  a 
sudden  fall  of  the  barometer,  or  even  an  increased  quantity  of 
inflammable  dust  in  the  air,  will  at  once  be  shown  by  this 
silent  monitor,  as  has  been  proved  in  several  instances  in  the 
mine.  It  is  already  reported  as  having  been  the  direct  means 
of  saving  men's  lives  by  indicating  an  unsuspected  increase  of 
gas  where  it  was  not  thought  necessary  to  stop  to  make  a  test. 
This  will  be  understood  when  it  is  remembered  that  the  device 
gives  its  indication  with  the  normal  working-flame,  the  bright 
incandescence  of  the  wires  being  clearly  seen,  notwithstanding 
the  brightness  of  the  lamp-flame.  This  is  a  great  advantage 
over  the  flame-cap  method,  in  which  it  is  necessary  first  to  stop 
and  lower  the  flame  of  the  lamp  to  a  mere  glimmer  before 
making  the  test.  In  doing  this,  there  is  incurred  not  only  the 
loss  of  time,  but  the  risk  of  getting  in  the  dark,  which  every 
miner  rightly  dreads. 

The  appreciation  of  the  value  of  this  device  for  the  purpose 
named  is  shown  by  the  fact  that  special  lamps  have  been  de- 
signed for  its  use  in  England  and  also  in  Prance,  because  the 
mining  laws  of  these  countries  forbid  the  use  of  an  unbonneted 
Davy  lamp  in  a  gaseous  mine,  and  it  was  thought  best  to  de- 
sign a  special  lamp  in  each  case.  Pig.  8  shows  the  sight-indi- 
cator in  a  Davy  lamp ;  Pig.  4  shows  it  in  a  bonneted  Clanny 
lamp,  in  which,  however,  its  sensitiveness  is  somewhat  lowered 
by  ttie  effect  of  the  bonnet,  which  also  hides  some  of  the  upper 
wires.  Special  forms  of  the  Clanny  and  Mueseler  lamps,  the 
former  shown  in  Pig.  5,  having  a  3.5-in.  glass,  and  admitting 
the  air  below  the  flame,  have  recently  been  designed  by  Mr. 
Beard,  which  give  good  results  with  the  indicator.  The 
special  form  of  English  lamp  of  the  Ashworth-Hepplewhite- 
Gray  type,  designed  for  the  indicator,  is  shown  in  Pig.  6. 
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Postscript. — At  the  request  of  the  Secretary  of  the  Insti- 
tute, the  following  information  concerning  the  American  and 
foreign  patents  of  the  Beard-Mackie  indicator  is  here  given  : — 


Country. 


United  States i 

Canada < 

Great  Britain < 

Germany < 

France 

Belgium 


Number. 


692,885 

722,666 

78,969 

81,663 

4,861 

20,281 

171,891 

186,268 

324.694 

166,669 


Date. 


Feb.  11,  1902. 
Mar.  10,  1903. 
Jan.  13,  1903. 
June  30,  1903. 
Feb.  26,  1902. 
Sept.  17,  1902. 
Mar.  3,  1902. 
Sept  20,  1902. 
Sept.  18, 1902. 
Sept  30,  1902. 
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[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


The  Use  of  High  Percentages  of  Fine  Ore  in  a  Charcoal 
Blast-Furnace. 

A  DiacusBion  of  Mr.  HalPs  paper,  read  at  the  Washin^n  Meeting,  February, 

1905. 

R.  H.  SwEBTSBR,  Sault  Ste.  Marie,  Ont  (communication  to 
the  Secretary*) : — The  recent  work  of  furnace  No.  1  of  The 
Algoma  Steel  Co.,  at  Sault  Ste.  Marie,  Ontario,  using  for  fuel, 
first  all  charcoal,  then  a  mixture  of  charcoal  and  coke,  and 
finally  all  coke,  upsets  the  estimates  given  by  Mr.  Hall  in  the 
last  two  paragraphs  of  his  interesting  paper.  Furnace  No.  1 
was  built  for  a  charcoal-furnace,  and  it  was  run  on  charcoal 
fuel  from  March  6  until  July  9,  1905 ;  then,  for  a  week,  a  mix- 
ture of  charcoal  and  coke  was  used,  and,  since  then,  coke  alone 
has  been  the  only  fuel. 

It  is  to  be  regretted  that  at  no  time,  during  the  run  on  char- 
coal, was  there  enough  charcoal  on  hand  and  "  in  sight "  to 
warrant  blowing  the  furnace  as  hard  as  it  should  have  been 
blown.  During  April  and  May  the  supply  of  charcoal  limited 
the  amount  of  blast  to  about  8,000  cu.  ft.  of  air  per  min. ;  in 
June,  to  about  8,900  cubic  feet.  For  a  few  days  in  July  about 
10,000  cu.  ft.  were  blown,  and  then  the  maximum  daily  output, 
178  tons  (2,240  lb.),  was  reached.  At  all  times  the  quality  of 
the  charcoal  was  poor,  having  been  made  from  wood  cut  from 
three  to  four  years  before.  Doubtless  this  furnace  could  have 
produced  200  tons  of  iron  per  day,  even  with  this  quality  of 
charcoal,  provided  the  supply  had  been  sufficient;  and  with 
good  charcoal  I  see  no  reason  why  it  could  not  make  as  much 
iron  per  day  as  it  has  made  with  coke. 

During  the  one  week  of  using  a  mixture  of  charcoal  and 
coke,  the  changes  in  quantity  of  blast  and  composition  of  the 
slag  followed  each  other  so  closely  that  no  single  condition 
could  last  long  on  the  furnace.  The  results  were  good,  and  the 
pig-iron  was  about  the  same  in  quality  as  that  made  during  the 

*  Beceived  October  81,  1905. 
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best  week  with  charcoal  alone.  The  maximum  daily  output 
was  175  tons  of  standard  Bessemer  pig-iron. 

Since  July  16,  1905,  the  coke  has  been  used  exclusively  and 
the  supply  has  been  plentiful.  Because  coke  requires  at  least 
50  per  cent  more  air  than  charcoal  does,  the  quantity  of  blast 
has  been  much  increased,  and  the  furnace  has  been  blown 
nearly  to  its  limit.  During  September,  the  quantity  of  blast 
was  about  19,600  cu.  ft.  per  min.,  as  measured  by  piston-dis- 
placement. The  average  composition  of  the  pig-iron  for  the 
month  was,  silicon  1.64  and  sulphur  0.032  per  cent  The  maxi- 
mum daily  output  was  218  tons ;  the  three  best  daily  averages, 
for  periods  of  one  week  each,  were  196,  198  and  203  tons  re- 
spectively. The  daily  average  from  September  1-15  was  190 
tons.  These  figures  agree  fairly  well  with  Mr.  HalPs  estimate 
for  the  product  of  a  charcoal-furnace  having  a  hearth  8.5  ft.  in 
diameter  (furnace  No  1  is  70  ft.  by  18.5  ft.  by  8.5  hearth);  yet 
this  quantity  is  made  in  a  coke-furnace. 

According  to  Mr.  Hall's  estimate,  it  is  doubtful  if  this  same 
furnace  could  make  from  25  to  33  per  cent  more  charcoal-iron 
than  it  has  made  coke-iron,  since  this  would  mean  a  daily 
product  of  from  240  to  260  tons,  and  a  maximum  of  from  270 
to  290  tons.  The  cubic  capacity  of  the  furnace  is  only  6,119 
cu.  ft.,  and,  while  making  200  tons  per  day,  the  stock  passes 
through  in  less  than  six  hours.  Still,  it  would  take  only  about 
16,000  cu.  ft.  of  blast  per  min.  to  make  260  tons  of  charcoal- 
iron,  and  the  amount  now  used  on  coke  is  19,000  cubic  feet 
Therefore,  the  results  obtained  at  Sault  Ste.  Marie  show  that 
either  one  or  the  other  of  Mr.  Hall's  estimates  should  be  modi- 
fied; also  that  the  largest  charcoal-ftirnace  in  the  world  has 
been  so  constructed  that  it  has  given  excellent  results  with 
either  charcoal  or  coke. 
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The  Mojave  Mining  District  of  California. 

BY  CHARLES  E.   W.   BATESON,   NEW  YORK  CITY. 

(Bethlehem  Meeting,  February,  1906.) 

I.  Location. 

The  Mojave  mining  district  is  situated  in  a  group  of  small 
hills  centering  around  Soledad  peak,  in  the  Mojave  desert, 
Kern  county,  Cal.  These  hills  are  about  4.5  miles  SSW.  of 
Mojave,  a  railroad  town  at  the  junction  of  the  Santa  F6  and 
Southern  Pacific  railroads. 

The  town  of  Mojave  is  about  50  miles  north  of  Los  Angeles, 
to  which  it  is  connected  both  by  telegraph  and  by  rail.  The 
distance  on  the  Southern  Pacific  railroad  is  102  miles,  covered 
in  8  hr.  and  45  min.  by  express  train.  A  sketch-map  of  this 
region  is  shown  in  Fig.  1. 

The  Mojave  district  is  relatively  isolated.  The  only  other 
mining  towns  in  this  section  of  California  are  Bandsburg  and 
Johannesburg,  in  a  district  (containing  the  well-known  Yellow 
Aster  mine)  at  the  northern  end  of  a  low  ridge  of  hills,  which 
begins  about  20  miles  NE.  of  Mojave,  runs  nearly  N.  for  86 
miles,  and  varies  in  width  between  8  and  6  miles.  As  will  be 
seen  later,  the  origin  and  formation  of  these  hills  are  not  the 
same  as  those  of  Soledad  peak. 

n.  Climate  and  Vegetation. 

The  climate  and  vegetation  of  the  Mojave  district  are  typical 
of  the  arid  regions  of  the  southwestern  United  States.  During 
the  winter  and  spring  there  is  some  rainfall,  and  the  tempera- 
ture is  generally  from  60®  to  70°  F.  in  the  day-time.  The 
rainfiill  in  the  spring  is  often  very  considerable  for  short  spaces 
of  time,  and  cloud-bursts  are  not  infrequent.  In  summer  there 
is  continual  sunshine,  with  temperatures,  as  a  rule,  exceeding 
100°  F.  in  the  day-time,  while  115°  F.  in  the  shade  of  a  house 
is  not  at  all  unusual;  but  at  night  the  temperature  falls  con- 
siderably.    No  rain  falls  during  the  summer.     The  vegetation 
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consists  of  very  little  desert  grass,  a  little  grease  wood,  sage 
bush  and  a  few  yucca  trees. 


Fig.  1.— Sketch-Map  op  Southern  Part  op  California,  the  Circle 
Showing  Position  op  Soled  ad  Peak. 


III.  Topography. 

The  topography  presents  low  ranges  of  hills  and  isolated 
peaks  of  igneous  or  volcanic  origin,  which  seldom  rise  more 
than  from  1,500  to  2,000  ft.  above  the  level  of  the  desert.    The 
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valleys,  which  are  of  much  greater  area  than  the  hills,  are  the 
typical  waste-filled  interior  basins  characteristic  of  the  desert 

In  early  geological  history,  the  valleys  were  deeper  and  the 
hills  higher  than  they  are  now.  The  hills  and  ridges,  being  of 
igneous  origin,  were  particularly  susceptible  to  rapid  disinte- 
gration, because  the  comparatively  great  change  in  temperature 
between  day  and  night  caused  appreciable  expansion  and  con- 
traction in  the  outer  crust  of  the  rock,  and  the  unequal  rate  of 
expansion  and  contraction  of  its  constituent  minerals  produced 
stresses  under  which  the  rock-surface  cracked  and  peeled  off. 
The  detritus,  before  any  great  amount  of  it  could  accumulate, 
was  carried  by  the  heavy  rains  into  the  gorges,  where  the  water 
collected  in  great  volume  and  swept  it  out  into  the  valleys. 
This  action  exposed  a  fresh  surface  of  the  rock,  to  undergo  the 
same  cycle  of  disintegration. 

The  detritus  was  deposited  at  the  mouth  of  the  gorges  as 
large  alluvial  fans,  which  increased  in  size  until  they  met  and 
merged  into  one  another,  forming  detrital  slopes.  These  slopes, 
as  they  extend  outward  and  met  the  detrital  slopes  of  adjacent 
ridges,  formed  detrital  plains.  Which  continued  to  grow  until 
they  completely  filled  the  interior  basin,  and  even  overflowed  it 

But  little  material,  however,  is  carried  out  of  these  basins 
unless  it  be  in  solution.  The  water  from  the  gorges  soon  loses 
itself  in  the  coarse  waste  of  the  fans  and  plains,  and  does  not  re- 
appear again,  except,  perhaps,  when  there  has  been  a  very  heavy 
or  extensive  downpour,  in  which  case  it  issues  as  innumerable 
springs  at  the  head  of  a  "  crossing,"  i.e.,  a  gorge  that  connects 
one  waste-filled  valley  with  another. 

The  mouth  of  a  crossing  is  shown  in  Pig.  2.  The  little  hills, 
composed  of  bright  red  and  white  sandstone,  are  local  and  are 
sedimentary,  while  the  surrounding  hills  are  igneous.  The  age 
of  these  sediments  I  could  not  determine.  The  crossing  is 
about  3  miles  long.  Water  can  be  obtained  in  these  crossings, 
even  in  the  driest  seasons,  by  digging  a  short  distance,  some- 
times only  a  few  feet;  and  also,  in  many  cases,  by  digging  at 
some  distance  from  the  mouth  of  a  gorge  that  comes  from  the 
hills,  especially  if  it  be  a  main  gorge,  having  branches  and  a 
pretty  large  steep  cone  at  its  mouth. 

The  permeability  of  the  waste-filled  valleys  does  not  allow 
the  water  to  go  far  on  the  surface,  so  that  its  burden,  as  it  comes 
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from  the  hills,  is  entirely  deposited  on  the  alluvial  fans.  Sub- 
sequent rains  move  this  deposit  farther  and  farther  out  until 
the  line  where  two  slope-plains  meet  is  encountered,  at  which 
place  the  finer  material  is  worked  down  towards  the  mouth 
of  a  crossing,  so  that  the  waste-filled  valleys  slope  upward  in 
every  direction  from  the  head  of  a  crossing.  The  mouth  of  a 
crossing  may  or  may  not  be  one  of  the  highest  points  in  the 
waste  valley  into  which  it  disgorges,  but  the  general  level  of 
the  valley  from  which  it  comes  is  higher  than  that  of  the  valley 
into  which  it  runs. 

Considering  the  local  topography  of  the  Mojave  district, 
Soledad  peak  is  a  mass  of  eruptive  rocks,  whose  highest  and 
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Fig.  2. — Mouth  of  a  "Crossing**  in  the  Mojave  Desert. 

most  northerly  point,  Soledad  peak,  is  about  4,000  ft.  above 
sea-level  and  about  1,250  ft.  above  the  general  level  of  the  sur- 
rounding desert.  Mojave  and  Rosamond  stations,  on  the 
desert,  are  2,751  and  2,315  ft.  above  sea-level  respectively. 

A  considerable  number  of  much  smaller  hills  are  grouped 
south  of  Soledad  peak,  of  which  the  miners  consider  them  as 
*'  spurs." 

The  map,  Fig.  3,  shows  the  generally  circular  to  oval  con- 
tours of  all  these  hills. 

Bowers  hill,  the  only  small  one  with  a  name,  rises  about  400 
ft.  above  the  desert,  about  a  quarter  of  a  mile  northeasterly 
from  Soledad  peak,  and  is  less  than  a  mile  long. 
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IV.  Rocks. 

Five  varieties  of  igneous  rock  appear  in  the  district. 

1.   Ghranite. — This  is  the  oldest  formation  exposed,  and  prob- 
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Kern  County,  Cal. 


ably  underlies  the  entire  district.  It  shows  at  the  surface  along 
the  northeast  flank  of  Bowers  hill.  It  dips  to  the  southwest 
and  does  not  re-appear  in  the  mineralized  zone.   It  does  show, 
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however,  about  5*  miles  SSW.  of  Soledad  peak,  where  it  under- 
lies some  low  hills  of  tuft'. 

Hand-specimens  of  this  granite  show  a  coarse-grained 
quartz-orthoclase-albite  rock,  containing  a  very  small  quantity 
of  biotite. 

2.  Bhyolite-Porphyry. — This  rock,  lying  upon  and  in  contact 
with  the  granite,  has  by  far  the  greatest  exposure  of  all  the 
rocks  of  the  district,  as  shown  in  Fig.  8,  and  is  the  most  im- 
portant by  reason  of  its  quantity  and  because  it  is  the  country- 
rock  of  the  veins. 

Both  in  hand-specimens  and  under  the  microscope  it  pre- 
sents a  much  decomposed  appearance.  Quartz,  often  showing 
a  decidedly  hexagonal  outline,  is  the  only  mineral  distinguish- 


hiG.  4. — Rhyolite- Porphyry  Greatly  Altered. 

able  to  the  naked  eye.  In  hand-specimens  the  rhyolite-por- 
phyry  is  nearly  or  quite  white.  In  thin  sections  under  the 
microscope  the  rock  is  seen  to  be  very  extensively  altered,  as 
shown  in  Fig.  4.  Because  of  the  complete  obliteration  of  all 
traces  of  structure,  quartz  is  the  only  original  mineral  rec- 
ognizable. Quartz  occurs,  also,  in  considerable  amount  as  a 
secondary  mineral.  Kaolin,  showing  slightly  developed  sphe- 
roidal structure,  is  present  in  large  quantity.  Secondary  calcite 
is  probably  present,  but  in  no  place  is  it  developed  sufficiently 
to  be  identified.  Neither  in  hand-specimens  nor  in  thin  sec- 
tions does  the  rhyolite-porphyry  show  lines  of  flow. 

3.  Rhyolite. — This  rock,  in  sheets  and  patches,  overlies  the 
rhyolite-porphyry  and  forms  the  summits  of  many  of  the  hills, 
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as  shown  in  Fig.  3.     A  few  veins  outcrop  in  the  rhyolite,  but 
they  have  not  been  developed  even  slightly. 

In  hand-specimens  the  rhyolite  is  dirty  brown  in  color,  and 
greatly  resembles  devitrified  obsidian,  having  strongly  marked 
flow-lines.     In  thin  sections  under  the  microscope,  as  shown  in 


Fig.  5.— Rhyolite  Greatly  Altered,  Showing  Orthoclase  Twin  Crystal 
Bkplaced  by  Quartz. 

Fig.  5,  it  is  seen  to  be  very  much  decomposed  and  similar  to 
the  rhyolite-porphyry.  Quartz,  the  only  recognizable  mineral, 
is  both  primary  and  secondary.  In  many  cases  the  secondary 
quartz  has  replaced  feldspar  crystals,  molecule  by  molecule ; 


Fig.  6. — Rhyolite,  Showing  Lines  of  Flow. 

and  in  one  case  (the  crystal  near  the  center  of  Fig.  5)  it  has 
even  preserved  the  optical  property  of  orientation  of  an  ortho- 
clase twin  crystal.     No  other  mineral  is  recognizable. 

Fig.  6  shows  a  thin  section  of  a  nearly  fresh  specimen  of  this 
rhyolite.   In  hand-specimens  it  is  almost  white,  of  fine  texture, 
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and  shows  faint  flow-lines.  In  the  thin  sections  it  is  seen  to  be 
a  devitrified  rhyolite,  showing  phenocrysts  of  orthoclase,  biotite 
and  quartz.  The  biotite  and  orthoclase  have  no  unusual  fea- 
tures, and  the  quartz  occurs  both  primary  and  secondary.  The 
primary  quartz  originally  had  well-marked  crystal  outlines  that 
later  became  indistinct  in  most  of  the  crystals  through  re-ab- 
sorption of  the  silica ;  while,  in  others,  it  remained  fairly  well 
preserved.  The  secondary  quartz  is  in  minute,  interlocking 
pieces  of  no  crystal  outline  and  of  varying  orientation. 

4.  Obsidian. — In  hand-specimens  the  obsidian  is  black  in 
color  and  full  of  small  holes,  about  an  eighth  of  an  inch  in  di- 
ameter. Thin  sections  are  nearly  opaque,  and  show  nothing 
except  that  it  is  greatly  devitrified.  It  is  probably  a  more 
quickly-chilled  part  of  the  rhyolite,  and  not  a  distinct  flow.  It 
occurs  only  in  one  place,  as  a  capping  to  one  of  the  smaller 
hills,  and  is  underlain  by  the  rhyolite-porphyry  described  above, 
and  shown  in  Fig.  3. 

5.  Tuff. — The  tuff',  composed  of  volcanic  ash,  is  now  so  much 
decomposed  that  very  little  can  be  made  of  its  mineralogical 
character  except  that  quartz,  and,  at  rare  intervals,  a  fragment 
of  feldspar  are  recognizable.  In  hand-specimens  it  generally 
varies  from  a  dirty  white  to  a  pale,  greenish  color,  and  appears 
rather  fine  textured  for  a  tuff".  It  occurs  in  three  small  patches, 
overlying  the  rhyolite  in  two  cases,  while  in  the  the  third  it 
seems  to  overlie  a  contact  between  the  rhyolite  and  the  rhyo- 
lite-porphyry. Its  actual  contact  was  not  seen  on  the  rhyolite- 
porphyry,  being  covered  by  the  talus,  although  it  was  seen  on 
the  rhyolite.  The  map.  Fig.  3,  shows  it  resting  in  part  on  the 
rhyolite-porphyry,  because  outcrops  of  the  rhyolite-porphyry 
came  very  near  it,  and  there  was  no  intermediate  talus  of  rhyo- 
lite. The  detritus  and  waste  of  the  hills  are  shown  in  Fig.  8  as 
surrounding  them. 

V.  Origin  of  the  Rocks. 

There  are  two  tenable  hypotheses  in  regard  to  the  relation 
between  the  rhyolite-porphyry  and  the  rhyolite. 

1.  According  to  the  first,  the  rhyolite  is  the  outside  quickly- 
chilled  portion,  and  the  rhyolite-porphyry  is  the  more  slowly- 
cooled  portion  of  a  volcanic  outburst. 

2.  According  to  the  second,  there  have  been  several  erup- 
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tions,  at  least  two  of  which  are  observable.  Of  these,  the  first 
produced  the  rhyolite-porphyry  (which  may  or  may  not  have 
been  finer  grained  on  its  surface),  and  was  followed  by  a  period 
of  quiescence,  during  which  considerable  erosion  took  place, 
and  after  which  the  second  eruption  produced  the  rhyolite,  and, 
in  its  expiring  stages,  the  volcanic  tuflfe. 

The  evidences  to  support  the  first  view  (that  of  a  single  flow) 
are: — 

In  several  places  the  rhyolite  grades  from  a  rock  which  re- 
sembles the  obsidian,  shown  in  Fig.  5,  having  the  same  dirty 
brown  color,  into  a  nearly  porphyritic  rock  almost  white  in 
color,  shown  in  Fig.  3.  Then,  after  an  interval  of  from  150  to 
200  ft.  covered  by  talus,  the  typical  rhyolite-porphyry  appears. 
At  no  place  was  I  able  to  find  exposed  a  continuous  gradation 
of  one  into  the  other.  The  mineralogical  characters  of  the  rock 
serve  in  a  way  to  support  this  view.  Both  the  typical  rhyolite, 
shown  in  Fig.  5,  and  the  typical  rhyolite-porphyry,  shown  in 
Fig.  4,  are  too  greatly  decomposed  to  give  clear  evidence,  and 
the  only  satisfactory  thin  sections,  shown  in  Fig.  6,  came  from 
a  rock  that  is  almost  porphyritic  in  texture,  and  is  clearly  a  part 
of  the  rhyolite. 

In  favor  of  the  second  hypothesis ;  namely,  that  there  were 
two  separate  and  distinct  flows,  the  following  facts  may  be  re- 
garded as  evidence : — 

In  one  spot,  on  the  Echo  claim,  a  direct  contact  was  found 
where  the  rhyolite-porphyry  is  typically  developed,  as  is  also 
the  rhyolite.  The  rhyolite-porphyry  occurs  as  a  small  circular 
outcrop,  about  2  ft.  in  diameter,  which  is  entirely  surrounded 
by  a  breccia,  from  1.5  to  8  in.  thick,  colored  brown  and  con- 
taining a  great  deal  of  quartz,  followed  by  the  rhyolite.  I 
think  that  the  presence  of  the  breccia  precludes  this  outcrop 
from  being  a  boulder  that  had  become  imbedded  in  the  rhyo- 
lite. But  whether  this  is  a  boulder  or  rock  in  place  it  is  unim- 
portant, since  in  either  case  it  shows  that  the  rhyolite-porphyry 
is  older  than  the  rhyolite. 

One  of  the  smaller  hills  was  capped  with  rhyolite  in  the  form 
of  black  obsidian,  below  which  all  outcrops  were  concealed  by 
talus  until  near  the  base,  where  rhyolite-porphyry  was  exposed. 
These  two  rocks,  the  rhyolite  and  the  rhyolite-porphyry,  were 
sharply  contrasted  and   could  easily  be  distinguished.     The 
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talus,  however,  contained  only  the  typical  examples  of  each, 
there  being  no  transition-forms.  From  this  occurrence  the  in- 
ference was  reached  that  they  represented  distinct  and  separate 
outbreaks. 

The  dome-like  shape  of  the  hills,  with  the  rhyolite  as  a  cap, 
shown  in  Fig.  8,  seem  to  indicate  that  a  cone  of  this  harder, 
more-resistant  rock  came  up  through  the  rhyolite-porphyry  in 
necks  and  overflowed  on  the  surface,  and  that  these  necks  have 
resisted  weathering  better  than  the  more  easily  disintegrable 
rhyolite-porphyry.  The  mineralogical  characteristics  of  the 
rocks,  however,  do  not  strongly  support  this  hypothesis.  Prac- 
tically all  that  can  be  said  is  that  the  primary  quartz  in  the 
rhyolite  generally  shows  considerable  re-absorption,  while  that 
of  the  rhyolite-porphyry  does  not ;  moreover,  the  rhyolite  shows 
flow-lines,  which  are  not  observed  in  the  rhyolite-porphyry. 
The  mineralogical  characters  of  the  rocks  would,  in  either  hy- 
pothesis, be  very  similar,  since  the  magmas  were  in  all  prob- 
ability identical,  being  doubtless  derived  from  the  underlying 
granite.  Hence,  the  relationships  in  the  field  are  the  strongest 
and  most  trustworthy  evidence,  and  they  indicate,  with  a  high 
degree  of  probability,  two  flows.  These  relationships  are  illus- 
trated by  Fig.  7. 

That  the  Mojave  district  is  an  isolated  one,  and  that  the 
origin  of  all  the  desert  hills  is  not  the  same,  or  even  due  to 
similar  causes,  is  shown  by  contrasts  presented  in  the  Rands- 
burg-Johannesburg  area.  That  district,  as  already  observed, 
occupies  the  northern  end  of  a  long,  low  ridge  rising  from  1,000 
to  1,500  ft.  above  the  general  level  of  the  surrounding  desert. 
The  back-bone  of  the  ridge  is  diorite,  which  is  flanked  on  both 
sides  by  heavy  beds  of  metamorphosed  hornblende  schist,  dip- 
ping in  places  as  much  as  45°  away  from  the  center  or  axis  of 
folding.' 

VI.  Veins. 

Almost  all  the  veins  now  known  are  on  the  northern  flank 
of  Soledad  peak,  and  their  strike  is  generally  a  little  south  of 
west,  as  is  illustrated  in  Fig.  3.  The  principal  and  largest 
veins  are  operated  by  four  companies.  Beginning  at  the  west, 
the  Echo  Mining  Co.  works  the  Echo,  Grey  Eagle  and  Star- 


*  im  Beport  of  the  State  Geologic  of  California  (1895-96). 
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light  veins;  about  0.6  mile  farther  east  the  Queen  Esther  Min- 
ing Co.  works  the  Queen  Esther  vein ;  and  next  to  the  Queen 
Esther  is  the  Karma  Mining  Co.,  working  the  Karma  vein. 

The  Exposed  Treasure  vein  on  Bowers  hill  is  worked  by  the 
Treasure  Mining  Co.,  a  New  York  concern. 

The  Echo  vein  has  the  normal  strike  and  dips  to  the  northeast^ 
as  shown  by  Fig.  7.     Its  outcrop  can  be  traced  for  1,800  ft,  and 
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Fig.  7. — S£Ction8  op  Portions  op  the  Mojave  District,  Shown  in  Fig.  3^ 
Illustrating  the  Probable  Relationships. 


throughout  its  entire  length  a  rather  constant  width  of  about  8  ft. 
is  preserved.  This  general  width  also  persists  in  depth  as  far  as 
the  vein  is  known — something  over  200  feet.  The  gangue,  or 
vein-filling,  is  quartz  of  the  variety  generally  known  as  "  sugary." 
In  general  the  line  of  demarcation  between  the  quartz-filling  and 
the  country-rock  is  sharp,  although  in  places  the  walls  seem  to 
be  much  shattered  for  a  few  feet  on  each  side  of  the  vein,  the 
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quartz  having  filled  any  spaces  and  cracks  that  were  formed. 
No  gouge-seams,  slickensides  or  other  evidences  of  extensive 
movement  after  the  quartz-filling  had  been  introduced  were 
observed.  In  places  next  to  the  country-rock,  and  even  in  the 
quartz  itself,  patches  of  kaolin  are  found.  The  wall-rock  is 
silicified  rhyolite-porphyry,  which  is  very  hard  and  difiicult  to 
mine.  The  values  are  in  gold  and  silver.  The  gold  occurs 
free  in  very  minute  scales  associated  with  pyrite.  Along  th^ 
t)utcrop  and  near  the  surface  the  gold  is  almost  all  free.  The 
silver  occurs  as  horn  silver  (cerargyrite)  in  small  specks  along 
and  near  the  outcrop,  changing  to  argentite  in  depth.  The  en- 
tire vein  is  mineralized  to  some  extent.  The  workable  por- 
tions, however,  occur  in  irregular  bunches,  which  may  have 
considerable  dimensions,  both  in  length  and  depth ;  that  is,  from 
100  to  200  feet. 

The  Starlight  vein,  distant  about  300  ft.  east  of  the  Echo,  is 
parallel  to  it  in  strike,  and  dips  to  the  northeast.  Its  outcrop 
cannot  be  traced  for  the  entire  distance.  Its  average  width  is 
about  8  feet.  The  vein-filling,  the  relationship  between  the 
vein  and  the  wall-rock  and  the  mineralization,  are  the  same  as 
in  the  Echo.     The  major  part  of  the  value  is  in  silver. 

The  Grey  Eagle  vein  commences  near  the  northern  end  of 
the  Starlight  and  diverges  from  it  in  a  southerly  direction,  until 
about  100  ft.  or  more  from  it,  and  then  turns  parallel  to  it  In 
general  the  dip  is  90°,  from  which,  however,  it  varies,  some- 
times to  one  side  and  sometimes  to  the  other.  The  vein  con- 
nects with  the  Starlight  at  increasing  depths  towards  the  south. 
Its  average  width  is  a  little  less  than  3  feet.  The  vein-filling, 
and  the  relationship  of  vein  to  the  wall-rock  and  the  mineral- 
ization, are  the  same  as  the  Echo  and  Starlight,  except  that  the 
gold  value  is  greater  than  that  of  the  silver.  At  the  one  place 
developed,  where  the  two  veins  join,  shown  in  Fig.  8,  consid- 
erable kaolin  occurs,  and  the  values  are  not  so  high  as  on  either 
side  of  the  connection.  The  quartz-filling,  however,  shows  no 
discontinuity  in  passing  from  above  the  connection  to  below  it. 

The  mine-management  believes  that  the  Grey  Eagle  crosses 
the  Starlight  vein,  basing  the  belief  on  a  small  length  of  out- 
crop found  to  the  west  of  the  Starlight  vein,  having  a  strike 
nearly  the  same  as  that  of  the  Starlight  vein,  and  being  in  a 
general  line  with  that  part  of  the  Grey  Eagle  vein  which  joins 
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Fio.  8. — Sections  of  Staruoht,  Obey  Eaole  and  Queen  Esthbb  Veins. 
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on  the  outcrop.     It  is  believed  that  the  Starlight  has  faulted 
the  Grey  Eagle. 

The  Queen  Esther  vein  runs  more  nearly  north  and  south 
than  any  of  the  others.  It  dips  about  60°  to  the  east.  The 
vein-filling  is  sugary  quartz.  The  country-rock  is  greatly  de- 
composed rhyolite-porphyry.  The  mineralization  is  similar  to 
the  Echo.  The  width  of  this  vein  is  generally  from  5  to  6  ft.,  • 
but  it  varies  a  great  deal,  in  some  places  being  nearly  12  ft., 
while  in  others  it  is  only  about  8  feet.  A  remarkable  feature 
of  this  vein  is  the  rolls  that  it  takes  as  it  gains  in  depth.  This 
is  shown  in  Fig,  8.  At  the  present  stage  of  development  three 
of  these  rolls  or  folds  are  known.  The  first  one  encountered 
in  depth  is  the  smallest,  and  the  third  the  largest.  They  dip 
along  the  vein  about  10°  to  the  north.  The  largest  one  dis- 
places the  vein  30  ft.  horizontally  and  10  ft.  vertically. 

The  Karma  vein,  dipping  about  85®  to  the  east,  has  the  pre- 
vailing strike  of  a  little  south  of  west.  Its  outcrop  can  be 
traced  continuously  for  about  1,000  feet.  It  varies  in  width 
from  2  to  5  ft.,  although,  in  places,  the  mineralized  zone 
reaches  considerable  width.  In  the  case  of  the  "  glory  hole,'* 
it;,  is  about  40  ft.  to  the  vein-stufiT,  which  fills  cracks  and  fissures 
extending  into  the  country-rock  on  both  sides  of  the  vein 
proper.  At  one  place  on  the  outcrop,  about  200  ft.  in  length, 
this  vein,  together  with  the  numerous  small  branches  it  there 
possesses,  reaches  a  width  of  between  60  and  80  ft.,  but  it  is 
reported  not  to  be  well-mineralized  at  tliis  point. 

The  gangue  is  sugary  quartz,  and  the  mineralization  is  the 
same  as  that  described  above.  Bromyrite  was  reported  to 
have  been  abundant  in  one  of  the  stopes,  now  worked  out.  A 
small  piece  of  quartz,  still  adhering  to  one  of  the  walls,  was  ob- 
tained, showing  small  specks  of  the  reported  bromyrite.  On 
careful  investigation  (the  specimen  was  so  small  that  entirely 
satisfactory  results  were  impossible)  the  green  specks  were 
found  to  be  in  all  probability  copper  stains,  and  not  bromyrite 
at  all.  The  character  of  this  mineral  as  determined  are: — 
color,  dark  green ;  luster,  dull ;  hardness,  from  4  to  5 ;  opaque, 
even  under  the  microscope.  Very  rich  ore  was  obtained  from 
this  slope.     The  country-rock  of  this  vein  is  rhyolite-porphyry. 

The  Exposed  Treasure  vein  is  on  Bowers  hill.  I  did  not 
examine  this  vein,  but  from  hearsay  I  present  the  following : — 

[14] 


THE   MOJAVB   MINING    DISTRICT    OF    CALIFORNIA.  79 

The  vein  maintains  the  usual  strike  of  all  the  veins  of  the  dis- 
trict, but  departs  from  the  rule  by  dipping  to  the  west  The 
wall-rock  for  a  distance  is  rhyolite-porphyry,  and  then  the  vein 
follows  the  contact  between  the  granite  and  the  rhyolite-por- 
phyry.  The  mineralization  follows  the  general  rule,  and  the 
pay  ore  is  very  rich  but  extremely  irregular. 

A  small  vein  on  the  southwestern  flank  of  Soledad  peak, 
thought  in  all  probability  to  be  an  extension  of  the  Starlight, 
see  Fig.  3,  is  interesting,  because  its  wall-rock,  see  Fig.  9,  shows 
a  double  brecciation.  It  also  shows  pyrite  in  the  cementing 
material  of  the  second  brecciation.  The  first  cementing  mate- 
rial was  mainly  kaolin,  with  some  secondary  quartz.  The  sec- 
ond  cement    comprised    secondary   quartz   and    considerable 


Fig.  9. —Section  op  Wall-Rock  op  Vein  on  Soledad  Peak,  Thought  to 
BE  A  Continuation  op  the  Starlight  Vein. 

kaolin,  and  with  pyrite  in  places,  which  carries  considerable 
gold. 

Whatever  the  history  of  the  volcanic  action  may  have  been, 
it  is  quite  evident  that  the  veins  did  not  appear  until  all  vol- 
canic action  was  over. 

Almost  all  the  known  veins  are  on  the  northern  flank  of  the 
group  of  hills,  and  these  are  easily  divisible  into  two  main 
groups: — one,  the  Echo  group,  to  the  west;  and  the  other,  the 
Queen  Esther-Karma  group,  to  the  east.  The  exposed  Treas- 
ure and  others,  perhaps  not  yet  found,  make  a  third  but  less  im- 
portant group  on  Bowers  hill.  The  general  course  of  all  these 
veins  is  a  little  west  of  north. 

Both  of  the  first  two  groups  seem  to  have  a  focus  where  all 
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of  the  veins  in  each  group  will  meet,  provided  they  preserve 
their  present  dip.  In  the  Echo  group,  this  focus  is  about  700 
ft.  below  the  general  level  of  the  desert,  and  in  the  Queen 
Esther-Karma  group  it  is  from  400  to  500  feet.. 

All  these  veins  are  typical  quartz-veins  containing  quartz 
and  minerals  derived  from  the  decomposition  or  alteration  of 
the  country-rock  and  deposited  in  fissures,  which  are  caused  by 
contraction  on  cooling ;  in  this  case  the  cooling  has  been  from 
fusion.  In  some  of  the  veins  the  brecciation  of  the  wall-rock 
is  clearly  observable,  and  in  one  case  a  double  breccia — a  brec- 
ciated  breccia — ^is  shown. 

In  the  Queen  Esther  vein  rather  remarkable  rolls  are  found, 
which  were  not  caused  by  any  cross-fissures  or  faults,  so  far  as 
could  be  observed,  but  were  probably  due  to  the  original  fissur- 
ing  of  the  rock-mass  by  cooling,  which  has  since  remained 
undisturbed ;  that  is,  no  vertical  movement  of  the  walls  has 
taken  place. 

From  the  above  description  it  appears  that  the  fissures  were 
originally  formed  by  cooling,  followed,  in  some  cases,  by  slight 
movements  of  the  rocks  which  caused  the  production  of  breccia 
by  the  attrition  of  the  walls  over  each  other.  This  result  has 
happened  in  one  observed  case  at  least  twice.  In  other  cases 
there  was  no  movement  whatever,  and  in  no  case  observed  did 
the  movement  amount  to  more  than  a  few  inches.  Accurate 
observation  concerning  the  amount  of  movement  in  volcanic 
rocks,  especially  if  they  have  been  badly  altered  by  decompo- 
sition, is  extremely  difficult,  if  not  impossible,  to  detect. 

A  movement  of  only  a  few  inches,  or  at  most  a  few  feet,  is 
inferred  here  because  there  has  clearly  been  no  movement  in 
some  of  the  veins;  and  while  there  is  brecciation  of  the  walls 
in  other  veins,  there  is  not  enough  variation  in  the  width  of 
any  one  of  them  to  indicate  extensive  movement. 

The  quartz-filling  of  the  veins  and  the  silicification  of  the 
walls  certainly  did  not  take  place  until  all  movement  had 
ceased,  and  since  then  there  has  been  little  or  no  movement,  so 
far  as  has  yet  been  recorded. 

In  one  or  two  veins  there  is  a  little  gouge  occuring  irregu- 
larly on  one  or  the  other  of  the  walls,  which  indicate  some 
slight  movement  of  that  wall.  This  gouge  is  nearly  pure 
kaolin,  and  in  no  observed  locality  did  it  cross  the  vein  of 
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quartz  to  the  other  wall;  moreover,  it  wae  not  great  in  amount; 
hence,  at  best,  the  movement  was  only  a  slight  one.  The  Star- 
light-Grey Eagle  junction  may  or  may  not  be  a  cross-fissure. 
If  it  is,  the  Assuring  was  previous  to  the  filling  of  the  vein. 
The  values  are  gold  and  silver.  The  gold  occurs  native  in 
minute  specks,  and  to  a  small  extent  in  pyrite.  The  silver 
occurs  mainly  as  a  black  sulphide,  argentite,  with  cerargyrite 
in  small  grains  sparingly  disseminated  in  places  near  the  out- 
crops. The  values  are  not  at  all  regularly  distributed,  but 
occur  in  irregular  patches  of  no  definite  outline,  and  which 
vary  in  size  up  to  a  few  hundred  feet  along  the  vein  to  a  hun- 
dred or  more  in  depth.  The  width  of  the  veins  varies  from  a 
few  feet  up  to  12  feet.     Mineralized  zones  occur,  however,  of 

much  greater  width.      

Vll.  Summary. 

The  Mojave  district  is  of  volcanic  origin,  and  has  been 
formed  by  two  eruptions,  the  first  of  quartz-porphyry  and  the 
second  of  rhyolite.  The  underlying  country-rock  is  granite. 
After  all  volcanic  action  had  ceased,  fissuring  took  place,  fol- 
lowed by  deposition,  from  a  rising  solution,  of  the  quartz  with 
the  gold-  and  silver-minerals,  thus  forming  the  veins. 

The  eruptives  are  very  greatly  altered,  so  much  so  that,  with 
few  exceptions,  their  original  minerals  are  altered  beyond  rec- 
ognition. The  general  form  of  alteration — the  original  min- 
erals being  quartz,  orthoclase,  some  other  feldspar,  probably 
albite  and  biotite,  with  pyrite  and  perhaps  some  other  minerals 
as  accessories — is  that  which  is  typical  of  the  belt  of  weather- 
ing in  arid  regions ;  namely : — 

1.  The  feldspar  was  altered  to  kaolin  and  quartz,  with  the 
loss  of  potassium,  calcium  or  sodium,  as  the  case  may  be. 

2.  The  original  quartz  remained  as  such. 

8.  The  biotite  was  altered  to  kaolin  with  the  probable  forma- 
tion of  serpentine  and  gibbsite,  although  no  gibbsite  was  ob- 
served. 

4.  The  pyrite,  gold-  and  silver-minerals  went  through  the 
orthodox  cycle  ot  changes.  The  values  in  the  early  history  of 
the  veins  probably  were  very  evenly  distributed. 

Since  the  formation  of  the  veins,  however,  considerable  ero- 
sion has  taken  place,  with  the  consequent  lowering  of  the  out- 
crop and  also  of  the  water-level.     Secondary  enrichment  has 
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taken  place  in  portionB  of  the  vein  by  the  well-known  phenom- 
ena of  downward  concentration,  caused  by  the  leaching  of  the 
values  from  the  upper  portion  of  the  vein,  and  their  deposition 
at  a  lower  level,  at  or  near  the  ground-water  level. 

No  mine,  with  the  possible  exception  of  the  one  on  Bowers 
hill,  has  reached  the  ground-water  level,  so  nothing  can  be 
said,  of  the  veins  below  it,  or  how  much  further  it  will  be  neces- 
sary to  sink  in  order  to  reach  it. 

There  is  no  reason  why  the  mineralization  of  the  veins  should 
not  continue  into  the  granite,  since  in  this  district  the  wall- 
rocks,  being  of  a  like,  if  not  identical,  chemical  composition, 
and  varying  only  in  the  degree  of  their  crystallization,  posses- 
sion or  non-possession  of  flow-lines,  etc.,  can  have  had  no  dif- 
ferential effects  on  the  deposition  of  the  ores  in  different  parts 
of  the  vein.  The  portions  enriched  by  downward  concentra- 
tion, which,  at  present,  form  the  pay  portions  of  the  veins,  can 
certainly  be  expected  to  end  when  the  ground-water  level  is 
reached.  Whether  it  will  pay  to  work  the  veins  below  the 
level — at  present  unknown — is  a  problem  which  can  only  be 
solved  by  actual  trial. 
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L  Introduction. 

Wb  owe  to  the  courtesy  of  Mr.  R.  M.  Kaymond,  Manager  of 
the  El  Oro  Mining  &  Railway  Co.,  Ltd.,  the  permission  of  pub- 
lishing in  this  paper  the  results  of  a  series  of  experiments  and 
tests  made  in  view  of  determining  the  economical  limit  to 
which  the  fine  grinding  of  the  ore  by  tube-mills  could  be  car- 
ried on. 

For  the  sake  of  clearness,  the  following  definitions  are  given 
of  certain  terms  used  in  this  paper,  as  well  as  of  the  units  and 
screens  in  the  experiments. 

Slime:  In  a  general  way  "slime"  is  that  mill-product,  of 
which  from  90  to  95  per  cent,  will  pass  a  200-mesh  screen 
(0.067  mm.  aperture),  and  which  is  treated  as  one  class  of  ma- 
terial in  the  El  Oro  cyanide-plants.  As  a  screen-product,  slime 
constitutes  all  material  that  will  pass  a  200-mesh  screen. 

In  sizing,  the  following  products  are  distinguished : — 

Coarse  Sand :  That  material  remaining  on  a  100-mesh  (0.111 
mm.  aperture)  screen. 

Fine  Sand :  That  passing  through  100-mesh  and  remaining 
on  a  200-mesh  (0.067  mm.  aperture)  screen. 

Slime:  That  passing  through  200-mesh.  Fines^  which  pass 
through  200-mesh  and  settle  in  30  seconds,  and  rift,  which  does 
not  settle  in  1  minute. 

Sandrindex:  The  number  proportional  to  its  total  fineness 
considered  from  the  economical  point  of  view,  as  explained  on 
page  93. 

Absolvie  extraction :  The  percentage  of  values  actually  brought 
into  solution. 

Actual  extraction :  The  percentage  of  values  actually  brought 
to  the  zinc-boxes. 

Units:  Dollars,  U.  S.  Currency;  pounds;  and  short  tons 
(2,000  lb.).  Gold  is  valued  at  $20.67,  and  silver  at  $0.50  per 
ounce. 

Screens :  In  the  sizing-tests  the  screens  used  were : — 

Mesh  (perl  in.),.         24        30        40        60        80       100       150       200      250 
Aperture  (mm.), .   0.740    0.615    0.424    0.250    0.159    0.111    0.090    0.067    0.058 

Strengths  of  solution :  Strengths  are  expressed  in  the  percent- 
age of  KCN  contained,  though  the  sodium  cyanide,  which  is 
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used  exclusively  at  El  Oro,  corresponds  to  126  per  cent,  of 
KGN. 

n.  The  El  Oro  Mine. 

The  El  Oro  Mining  &  Railway  Co.,  Ltd.,  operates  a  mine 
at  El  Oro,  in  the  State  of  Mexico,  about  100  miles  NW.  from 
the  City  of  Mexico.  The  ore  is  gold-bearing  quartz,  containing 
a  small  amount  of  silver,  and  occurs  in  large  ore-bodies  in 
slate.  The  whole  vein-bearing  formation  has  been  covered  by 
a  heavy  andesite  flow,  in  places  several  hundred  feet  thick*,  and, 
therefore,  seldom  do  the  veins  outcrop.  The  principal  vein  is 
the  "San  Rafael,'*  which  strikes  N.  10**  W.  and  dips  63° 
towards  the  west.  This  vein  averages  50  ft.  in  width,  and  has 
been  followed  for  more  than  a  mile  in  length. 

1.  The  Ore. — ^The  ore,  so  far  worked  in  the  El  Oro  mine,  is 
quite  oxidized,  and  only  a  small  amount  of  pyrite  is  met  with 
at  the  present  depth  of  the  mine.  The  ore  is  treated  by  amal- 
gamation on  plates  in  the  stamp-mill,  and  the  tailings  from 
these  are  cyanided. 

The  oxidized  ore,  a  very  hard,  compact  quartz,  averages  in 
value  from  $6  to  $15  gold,  and  from  8  to  5  oz.  of  silver  per  ton. 

The  quartz  has  been  deposited  by  aqueous  solutions,  and,  in 
places,  show  a  distinctly  banded  or  wavy  structure. 

The  gold  and  silver  are  scattered  through  the  quartz  in  a  re- 
markably fine  state  of  division  and,  locally,  in  a  very  uniform 
way.  Probably  all  the  gold  is  native,  and  part  of  it  is  in  the 
form  of  "rusty  gold;"  but  it  is  so  finely  divided  that  seldom 
can  "  colors  "  be  detected.  The  ore,  crushed  through  40-me8h, 
will  not  yield  to  amalgamation  more  than  18  per  cent,  of  the 
gold,  the  remainder  being  so  encased  in  the  quartz  that  even 
the  cyanide  can  dissolve  only  80  per  cent,  of  it  from  sand- 
grains  0.08  mm.  in  diameter. 

The  silver  is  probably  partly  metallic  and  partly  in  the  form 
of  silver  sulphides,  arsenides  and  antimonides.  The  amount  of 
these  metallic  sulphides,  however,  is  so  small  that  the  naked 
eye  is  generally  unable  to  detect  them. 

ni.  Outline  of  Ore-Treatment. 
Mills  and  Oyanide-Plants. — There  are  two  mills,  each  contain- 
ing 100  stamps.   No.  1  was  built  in  1899,  and  No.  2  was  com- 
pleted but  a  few  months  ago. 
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In  I^o.  1  the  sand  and  slime  are  treated  practically  in  the 
same  way  as  in  plant  Ko.  2,  though  the  material  arrangement 
and  the  mechanical  devises  are  different.  The  greatest  differ- 
ence between  the  two  plants  is,  that  No.  1  has  no  tube-mills  for 
regrinding  the  sand.  At  present  the  coarse  sand  is  brought 
over  to  plant  No.  2  to  be  reground  and  treated ;  though  in  the 
near  future  two  tube-mills  will  be  added  for  grinding  exclu- 
sively the  sand  from  Mill  No.  1. 

The  ore  is  dumped  from  skips  into  ore-bins,  crushed  through 
gyratory  and  jaw-crushers,  and  thence  conveyed  to  the  mills  by 
cars,  or  by  belt-conveyors.  The  mills  are  of  the  standard 
AUis  &  Chalmers  pattern.  The  ore  is  stamped  through  from 
25-  to  85-mesh  screens,  and  runs  over  amalgamated  plates, 
which  catch  from  18  to  18  per  cent,  of  the  gold  and  from  1  to 
5  per  cent  of  the  silver.  The  bullion  from  the  retorted  amal- 
gam contains  about  equal  parts  by  weight  of  silver  and  gold. 
The  pulp  from  the  plates  is  reground  through  tube-mills  and 
then  flows  to  the  cyanide-plants,  where  it  is  separated  into 
slime  and  sand,  which  are  treated  separately. 

Fig.  1,  showing  the  method  of  treatment  at  Mill  No.  2,  is 
self-explanatory,  but,  as  the  experiments  given  in  this  paper 
concern  almost  exclusively  Mill  No.  2,  we  shall  give,  regarding 
this  plant,  additional  information  which  it  was  not  possible  to 
put  on  the  diagram. 

In  Mill  No.  2  the  ore  is  crushed  by  100  stamps,  each  weigh- 
ing 1,140  lb.,  and  dropping  6  in.  100  times  per  min. ;  the  dis- 
charge is  2.5  in.  through  25-mesh  brass  wire  screen  (0.74-mm. 
aperture).  The  duty  per  stamp  is  4.7  tons  per  24  hr.  of  ac- 
tual work.     The  ratio  of  mill-water  to  ore  is  from  9  to  10. 

Owing  to  the  scarcity  of  water  in  the  district,  the  mill-water, 
after  separation  from  the  slime,  has  to  be  pumped  back  to  the 
large  storage-tanks.  About  840  tons  of  mill-water  pass  daily 
into  the  cyanide  solutions,  being  carried  in  aa  moisture  in  the 
slime,  which  contains  53  per  cent,  of  water,  and  in  the  sand, 
which  contains  15  per  cent,  of  water.  The  discharged  slime 
carries  40  per  cent,  and  the  sand  15  per  cent.,  of  water; 
therefore,  about  75  tons  of  weak  solution  have  to  be  discharged 
daily. 

The  pulp  from  the  plates  is  classified  by  two  4.5-ft.  cones  put 
in  series  with  two  2-ft.  cones,  called  "  pulp-thickeners,"  giving 
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two  classified  products,  namely, — an  overflow  containing  about 
81  per  cent,  of  slime  and  representing  52  per  cent  of  the  total 
mill-output,  and  a  discharge  containing  9  per  cent,  of  slime. 

The  discharge  of  the  pulp-thickeners  is  run  through  tube- 
mills,  where  from  40  to  50  per  cent,  of  the  sand  is  slimed,  ac- 
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cording  to  the  various  conditions  under  which  the  tube-mills 
are  working. 

The  pulp  discharged  by  the  tube-mills  joins  the  overflow 
from  the  four  cones  and  forms  a  final  product,  containing,  on 
an  average,  69  per  cent,  of  slime.  The  product  is  then  claissi- 
fied  and  handled,  as  shown  in  Figs.  1  and  2. 

The  final  result  is  to  separate  two  mill-products, — sand  and 
slime ;  the  former,  containing  about  20  or  25  per  cent,  of  slime, 
and  representing  about  85  per  cent  of  the  rock  crushed,  and 
the  latter,  containing  about  5  or  10  per  cent  of  sand. 

2.  ClassificoMon  of  MiUrProducts. — ^Numerous  sizing-tests  were 
made  to  determine  the  classification  wrought  by  the  cone,  spitz- 
kasten,  etc.,  and  to  measure  the  grinding-efiiciency  of  the  tube- 
mills. 

In  order  to  grasp  more  easily  the  meaning  of  the  numerous 
figures  thus  obtained,  a  graphic  method  of  representation  was 
resorted  to,  and,  wherever  possible,  such  method  has  been  used 
to  represent  all  the  other  tests  and  experiments. 

For  each  sizing-test,  a  small  diagram  was  drawn,  the  percent- 
age of  each  size  of  sand  being  brought  as  an  abscissa  of  the 
diagram,  as  is  shown  in  Fig.  2.  The  coarser  the  sand,  the  more 
will  the  diagram  swell  to  the  left;  on  the  other  hand,  a  perfect 
slime  will  be  represented  by  the  dotted  triangle  on  the  right 
Fig.  2  shows  the  handling  and  classification  of  the  mill-pulp 
from  Mill  No.  2.  The  small  sand-diagrams,  inserted  at  the 
point  where  each  separation  comes  to  an  end,  exhibit  the  trans- 
formation produced  in  the  sand. 

The  method  of  classification,  shown  in  Fig.  2,  is  at  present 
undergoing  modification.  In  the  near  future  the  buckets  of 
the  sand-wheel  will  be  divided  into  two  compartments ;  one, 
for  elevating  the  coarse  sand  which  has  to  be  reground  in  the 
tube-mills,  and  the  other,  for  elevating  the  fine  sand  which  goes 
to  the  sand-receivers.  By  such  a  method  the  capacity  of  the 
sand- wheel  will  be  doubled.  The  spitzkasten  will  be  cut  out, 
and  cones  used  exclusively  for  classifying.  By  this  arrange- 
ment it  is  hoped  to  obtain  a  closer  separation  of  coarse  sand, 
fine  sand  and  slime, — a  condition  which  is  essential  for  eco- 
nomically regrinding  the  coarse  sand. 
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IV.  Relation  Bbtwbbn  the  Diameter  op  Sand-Grains 
AND  Extraction. 

The  relation  between  the  diameter  of  the  sand-grains  and 
the  maximum  possible  gold-  and  silver-extraction  by  the  cya- 
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nide  process  has  been  taken  as  the  starting-point  in  the  deter- 
mination of  economical  limit  in  regrinding  the  sand. 

For  this  purpose  all  the  available  data  were  collected,  and 
several  sizing-assay  tests  were  made,  both  of  the  untreated 
pulp  and  of  the  tails.     These  data  have  been  plotted  in  Figs. 

&  Mnh  P*r  LIbmt  loeb 

22  S     3         2 


u 

Fig.  3. 


lu  JN)  so  40  fto  eo 

Dlam«Ur  of  Sand  Oralu  In  Hnndrodtbs  of  On*  MllliiBCter 

-Relation  Between  Diameter  op  Saki>-Grains  and  Values  of 
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3  and  4,*  the  former  giving  the  gold-  and  silver-values  of  the 
sand-grains  of  a  given  diameter  before  treatment;    and  the 


^  In  these  diagrams  are  incladed  the  sizuig-assay  tests  published  by  Charles 
Butters  and  E.  M.  Hamilton  in  their  valuable  paper,  '^The  Cyaniding  of  Ore  at 
El  Oro,"  etc.,  Trarimctuma  of  the  Inatiluiion  of  Mining  and  MetaUurgy,  October, 
1904. 
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latter,  the  values  of  the  same  grains  after  treatment,  as  well  as 
the  resulting  average  gold-  and  silver-extraction. 

The  plotting  of  these  diagrams  was  only  rendered  possible 
by  the  reduction  of  all  the  assay-values  to  a  common  base, 
namely, — ^to  an  ideal  assay-value  of  the  original  pulp  of  $10  of 
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Fro.  4 — ^Belation  Between  Diameter  op  Sand-Gbains,  Values  of  Tails 

AND  Extraction. 

gold  and  5  oz.  of  silver  per  ton.  This  assumption  is  justified 
by  the  fact  (verified  by  experiments)  that  the  values  of  the  tails 
are  in  linear  proportion  to  the  value  of  the  heads.  (A  high- 
grade  slime  will  give  a  somewhat  higher  extraction  than  a 
low-grade  one;    but  the  difference  is  small.)     Therefore,  all 
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gold-values,  both  of  the  heads  and  the  tails,  were  multiplied  by 
$10  and  divided  by  the  gold-assay  value  of  the  untreated 
pulp;  and  the  silver-values  were  multiplied  by  5  oz.  and  di- 
vided by  the  silver-value  of  the  untreated  pulp. 

Examining  the  diagrams  of  the  values  of  the  heads  in  func- 
tion of  the  diameter  of  the  grains,  Fig.  3,  it  is  seen  that  the 
values  of  the  sands  decrease,  in  a  fairly  constant  way,  as  the 
size  of  the  grain  decreases,  until  a  diameter  of  0.15  mm.  is 
reached.  Prom  0.15  to  0.08  mm.  the  values  drop  rapidly, 
reaching  a  minimum  at  0.08  mm. ;  then  they  rise  rapidly, 
being,  at  0.05  mm.,  far  above  the  average  value  of  the  pulp, 
and,  afterwards,  begin  to  drop  again  for  those  grains  which 
constitute  the  slime.  The  values  of  the  tails,  Pig.  4,  decrease 
proportionally  to  the  diameter  of  the  grain,  but  do  so  much 
more  rapidly  between  0.15  and  0.08  mm.  To  explain  this 
anomaly,  both  for  the  heads  and  for  the  tails,  the  intimate 
structure  of  the  ore  must  first  be  investigated. 

The  El  Oro  ore  is  a  very  hard,  compact  quartz,  in  which  the 
values  are  disseminated  in  a  remarkably  fine  state  of  division 
and,  locally,  in  a  very  uniform  way.  The  quartz  was  evidently 
deposited  from  aqueous  solutions,  and  probably  the  gold  and 
silver  were  precipitated  at  the  same  time  as  the  quartz.  The 
structure  of  the  quartz  is  micro-crystalline,  and  the  silver- 
minerals  and  the  gold  were  precipitated  between  the  faces  of 
the  elementary  quartz  crystals. 

The  structure  of  the  ore,  however,  is  remarkably  compact, 
and  therefore  practically  impermeable  to  the  solutions ;  hence, 
only  those  minerals  can  be  brought  into  solution  which  are 
on  the  surface  of  the  sand-grains,  or  which  are  so  encased 
in  the  quartz  that  at  least  a  part  of  their  surface  is  exposed. 
Consequently,  the  maximum  extraction  must  be  proportional 
to  the  surface  of  the  ore  exposed  by  crushing ;  or,  in  other 
words,  must  be  proportional  to  the  inverse  of  the  diameter  of 
the  grains.  It  follows  that  the  curves  representing  the  average 
gold-  and  silver-extraction,  in  relation  to  the  diameter  of  the 
grains,  ought  to  have  the  form  of  a  parabola,  and  this  is  about 
what  has  been  found  by  experiment,  as  can  be  verified  by 
Fig.  4. 

What  we  have  just  said  about  the  structure  of  the  ore  sug- 
gests another  consideration,  namely,  the  breaking-off  of  the 

[10] 


FINE   OBINDINa   OF   ORB   BY   TUBB-MILLS.  93 

metallic  mineral  from  the  surface  of  the  sand-grains.  This 
breaking-off  will  produce  an  impoverishment  of  the  sand*grains, 
which  will  be  so  much  more  sensible  as  the  diameter  of  the 
grains  becomes  smaller.  That  class  of  sand,  the  grain-diameter 
of  which  is  equal  to  the  diameter  of  the  elementary  quartz  crys- 
tals constituting  the  ore,  will  present  a  material  in  which  the 
greatest  part  of  the  metallic  minerals  will  be  subject  to  break- 
ing-ofi  from  the  quartz  crystals ;  or,  at  least,  will  be  most  com- 
pletely exposed  to  the  dissolving-action  of  the  cyanide. 

This  is  what  probably  happens  when  the  ore  is  crushed  to 
0.08  mm.  grains,  since  0.08  mm.  is  probably  the  average  di- 
ameter of  the  elementary  quartz  crystals. 

On  the  other  hand,  the  metallic  minerals  are  so  small  that 
almost  never  can  they  be  detected  by  the  naked  eye,  and,  there- 
fore, will  pass  easily  through  a  200-mesh  screen ;  but,  owing  to 
their  high  specific  gravity,  they  will  hydraulicly  separate  with 
the  very  fine  sand  passing  200-mesh. 

These  considerations  explain  satisfactorily  the  anomalies 
noted  in  all  the  curves  plotted  on  Figs.  3  and  4.  Perhaps 
other  explanations  will  be  found,  but  one  fact  remains  beyond 
dispute,  namely,  that  both  the  gold-  and  silver-extraction  are 
greatly  increased  by  crushing  finer  than  0.10  mm.,  and,  as  the 
crushing  to  such  fineness  is  economically  possible  by  means  of 
tube-mills,  it  may  be  safely  said  that  the  economical  point  in 
regrinding  is  beyond  the  size  of  0.10-mm.  grains. 

V.  Sand-Index. 

From  the  foregoing,  the  maximum  possible  extraction  is  seen 
to  be  constant  for  each  size  of  sand-grains,  independently  of  the 
original  assay-value  of  the  pulp. 

It  is,  therefore,  easy  to  understand  that  we  can  safely  calcu- 
late, a  priori^  the  probable  gold-  and  silver-extraction  for  a  class 
of  sand  when  its  mechanical  composition  is  known  by  sizing- 
tests. 

To  do  this,  we  simply  have  to  multiply  the  percentage  of 
sand  retMned  on  each  sieve  by  the  average  percentage-extrac- 
tion for  that  class  of  sand,  and  then  to  take  the  sum  of  all  the 
products  thus  obtained.  The  probable  percentage  of  extraction 
thus  calculated  is  what  we  shall  call  throughout  this  paper  the 
"  index"  of  a  given  class  of  sand,  since  it  represents  a  number 

[11] 


94 


FINE   GRINDING   OP   ORB   BT   TUBB-MILLS. 


proportional  to  the  fineiieB8  of  the  sand  considered  from  the 
economical  point  of  view.  To  be  perfectly  exact  we  ought  not 
to  use  as  coefficient  the  percentage-extraction  shown  by  the  ex- 
traction-curves in  Fig.  4 ;  since  the  values  of  the  heads  are  not 
constant  for  the  different  sizes  of  grain.  Each  coefficient  ought 
to  be  modified  proportionately  to  the  ratio  between  the  assay- 
values  of  the  sand-grains  to  which  it  refers,  and  the  assay-value 
of  the  total  pulp ;  but  in  practice  the  sand-indexes  check  so 
closely  with  the  extraction  actually  obtained,  that  there  is  no 
need  to  complicate  the  calculations  in  this  way. 

As  an  example,  we  give  the  calculation  of  the  sand-indexes 
for  the  281-tou  lot  of  sand  treated  in  test  «  T,"  Fig.  8. 

Table  1.— Sand-Indexes  of2Sl'T(m8  Treated  by  Test  "T." 


1 

On 

40. 

0 
0.47 

45 

17 

0 

0 

On 
60. 

0.2 
0.38 

53 

28 
0.10 
0.05 

On 
80. 

1.0 
0.26 

61 

42 

0.61 

0.42 

On 
100. 

3.6 
0.14 

68 

51 

2.44 

1.84 

On 
150. 

On 
20O. 

Thro' 
200. 

Total 

2 
3 

Per  cent,  sand  retained 

Ay.  diameter  of  ff rains,  mm. 
Per  cent.  probaUe  gold  ex- 
traction  

35.4 
0.10 

75 

59 
26.60 
20.90 

16.8  i   43.0 
0.09      0.04 

80     ■     92 

66         79 

100 

4 

5 

Percent  probable  silver  ex- 
traction  

6 

7 

Product  of  per  cent  sand  bv 
per  cent  gold  extraction.. 

Product  of  per  cent  sand  by 
percent  silver  extraction. 

13.44 
11.10 

.  89.60 

3400 

1 

82.8 
68.8 

The  calculated  extractions,  or  sand-indexes,  are : — gold,  82.9 ; 
silver,  68.3 ;  while  the  actual  extractions  in  test  "  T  "  were : — 
gold,  82.9;  silver,  69.5. 

The  sand-indexes  have  a  great  importance  in  the  determinar 
tion  of  the  economical  efficiency  of  the  tube-mills. 

Every  time  a  sand  passes  through  a  tube-nlill  its  composition 
becomes  finer;  the  ground  product  will  yield  a  larger  propor- 
tion of  its  values  to  the  cyanide  treatment,  or,  in  other  words,  a 
certain  percentage  of  the  gold  and  of  the  silver  will  have  been 
freed  by  the  action  of  grinding.  This  percentage  represents 
the  gross  profits  obtained  by  the  work  done.  The  economical 
point  of  regrinding  will  be  reached  when  the  difference  be- 
tween the  total  values  freed  and  the  total  cost  of  regrinding 
will  be  but  a  few  cents.  This,  however,  does  not  mean  that  it 
would  pay  to  slime  all  the  sand,  since  the  cost  of  grinding  in- 
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creases  rapidly  with  the  increased  fineness  of  the  sand  to  be  re- 
gronnd. 

Fine  grinding  will  increase  the  total  ratio  of  slime  to  sand, 
and,  therefore,  would  apparently  tend  to  diminish  the  cost  of 
treatment  for  the  slime  and  increase  that  for  the  sand. 

This  result,  however,  does  not  correspond  to  the  practice,  as 
the  tonnage  of  sand  to  be  treated  on  the  200-ton  sand-treatment 
plant  will  be  kept  constant  by  sending  the  coarse  sand  of  the 
old  mill  to  the  new  plant  to  be  reground  and  treated.  Besides 
this,  there  are  about  500,000  tons  of  old  tailings,  containing 
about  $4.60  in  gold  and  2  oz.  of  silver  per  ton,  which  some 
day  will  have  to  be  reground  and  treated. 

VI.    TUBB-MILLS. 

At  present  there  are  three  tube-mills  in  use  at  the  new  plant, 
and  two  additional  ones  will  soon  be  added  for  grinding  the 
sand  of  the  old  mill.  The  mills  were  constructed  by  the  Fried. 
Krupp  Aktiengesellschaft  Grusonwerk,  of  Magdeburg,  Ger- 
many, and  the  principal  data  concerning  them  are  as  follows : — 


Mill 

Internal  diameter  of  dram 

Internal  length  of  drum 

Bevolutionsper  minute 

Pounds  of  pebbles  in  mill  when 

half  full 

Capacity  per  24  hr.,  tons. 

Cost  of  mill 


No.  8. 


47  in. 

19  ft  6  in. 

32 

11,700 
100-120 
|2»940. 


No.  4. 


69  in. 
23  ft 
27.5 

21,800 

130-150 

$3,850. 


No.  5. 


59  in. 
26  ft 
28.5 

24,700 

150-180 

$4,750. 


Bulk  of  pebbles  =  100  lb.  per  cu.  ft. 


The  tube-mills  are  set  on  concrete  foundations  and  held  in 
place  by  anchor-bolts.  Experience  thus  far  at  El  Oro  indicates 
that  the  foundations  cannot  be  made  too  solid.  The  mills, 
when  in  motion  and  heavily  loaded  with  pebbles,  bear  very 
heavily  on  the  foundations,  which,  owing  to  the  mechanical 
arrangement  of  the  mills,  cannot  be  made  on  the  top  as  wide  as 
is  desirable.  The  cast-iron  bed-plates  have  a  tendency  to  dig 
into  the  cement,  and  it  is  advisable  to  enlarge  the  bearing-snr- 
face  of  the  bed-plates  by  placing  larger  cast-iron  plates  under 
them.     A  piece  of  rubber  belt  placed  below  these  plates  will  be 
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found  to  be  advantageous.  The  vibrations  produced  by  the 
spur-gears  are  violent,  and  the  anchor-bolts  easily  crystallize 
and  break;  therefore,  pockets  are  advisable.  The  driving-pin- 
ion ought  to  revolve  in  such  direction  as  to  lift  the  gearing  of 
the  tube-mill,  and  press  down  on  its  own  bearing.  On  the  con- 
trary, it  is  continuously  pulling  on  the  anchor-bolts  of  the 
boxes,  thus  tending  to  loosen  the  nuts  and  to  break  the  bolts. 

Notwithstanding  this  objection,  we  can  safely  declare  that,  in 
our  opinion,  the  tube-mills  are  the  best  machines  tried  at  El  Oro 
for  the  fine  grinding  of  very  hard  quartz  sand. 

Of  the  three  tube-mills  in  use,  No.  3,  the  smallest,  has  given 
most  satisfaction  and  least  trouble.  Its  capacity  is  not  much 
below  that  of  the  other  two ;  but  the  cost  of  running  it  is  much 
smaller.  The  main  advantage  is  that  the  mill  is  comparatively 
light  and  compact,  and,  therefore,  seldom  gets  out  of  order. 
The  shutdown  of  one  mill  represents  a  great  loss  in  money ; 
hence,  reliability  is  more  important  than  capacity. 

The  liners  are  kept  in  place  by  counter-sunk  bolts  passing 
through  the  shell.  When  a  liner  gets  worn  out  the  bolts  begin 
to  leak,  and  thus  give  notice  that  that  special  liner  needs  to  be 
replaced.  Such  leakage,  which  is  a  useful  indication  regarding 
the  liners,  ought,  however,  to  be  avoided  for  the  bolts  holding 
the  head-plates;  because  the  sand  leaking  from  behind  the 
bolts  will  move  by  centrifugal  force  towards  the  driving-gear, 
and  cause  a  rapid  wearing  of  the  cogs. 

The  three  tube-mills  are  placed  parallel  to  each  other,  and 
are  driven  by  belts  from  the  line-shaft  of  the  stamp-mill.  It 
would  be  of  great  advantage  to  have  positive  clutches  on  the 
pulleys  of  the  line-shaft,  as  any  repairs  necessary  to  the  belts  or 
to  the  driving-pulleys  of  the  tube-mills  require  the  shutdown 
of  the  whole  stamp-mill. 

The  pulp  from  the  stamps  is,  as  previously  mentioned,  classi- 
fied in  coarse  sand,  and  an  overflow  containing  81  per  cent,  of 
slime  and  some  fine  sand.  The  coarse  sand  can  be  sent  to  the 
head  of  any  of  the  throe  mills,  or  divided  among  them.  The 
insufficiently-ground  sand  leaving  the  mills  is  elevated,  sepa- 
rated from  the  fine  sand  and  slime,  and  can  be  likewise  re- 
turned to  any  of  the  three  mills,  or  divided  among  them. 
Figs.  5  and  6  give  two  diagrams  of  the  combination  generally 
used  in  grinding  and  regrinding  the  sand. 
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1.  Grinding  Efficiency. — The  tube-mills  have  been  working  on 
Band  of  different  coarseness.  In  May  the  stamps  were  crash- 
ing through  40-me6hy  in  June  through  80-mesh,  and  latterly 
through  25-meBh  screen. 

About  150  sizing-tests  were  made  of  the  heads  and  tails.  It 
is  very  hard  to  discuss  the  results  of  such  work,  especially  be- 
cause the  variable  factors  in  the  operation  of  grinding  vary  in- 


Total  net  profit 
per  day  9488 


lao  Toub  of  Band  OoDected 
An.  7U       Ag.  AjO 


Fig.  5.— Diagram  Showing  the  Method  of  Grinding  and  Begrinding 
Sand  in  Test  "O."     (August  13,  1905.) 


dependently  from  each  other.  In  an  experimental  plant  it 
would  be  possible  to  keep  varying  one  of  these  factors  alone 
(as  quantity  of  pebbles,  rate  of  feed,  ratio  of  water  to  sand,  etc.), 
and  note  the  relation  of  all  the  other  factors  to  the  variable 
one ;  but  in  experimenting  on  a  working-plant  this  is  not  pos> 
sible. 

For  the  same  reason  it  was  not  possible  to  represent  graphi- 
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cally  all  the  results  obtained ;  hence  we  have  been  obliged  to 
tabulate  them. 

The  understanding  of  the  tables  is  greatly  fiacilitated  by  the 
use  of  the  sand-indexes,  by  means  of  which  we  can  represent 
with  one  figure  (dollars  and  cents)  the  work  wrought  by  a  tube- 
mill  under  given  conditions.     Without  the  sand-indexes  we 


Total  net  profit 
per  day  $790 


^16D  ToDBof  Sand  OoDected 
rs.4       Ag.  CM 


Fig.  6.— Diagram  Showing  the  Method  of  QBnmiNG  and  Begbindino 
Sand  in  Tist  "R"     (August  17,  1905.) 

would  have  to  study  the  relation  of  14  numbers  among  them- 
selves. 

Economically,  the  only  interest  in  sand  is  to  know  the  value, 
in  dollars  and  cents,  that  can  be  extracted  from  it.  Some  grind- 
ing-machinery  may  produce  much  slime,  and  some  comparer 
tively  coarse  sand ;  other  machines  may  be  poor  slimers,  but 
produce  a  large  percentage  of  very  fine  sand.  By  means  of  the 
sand-indexes  we  realize  immediately  which  of  the  two  products 
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is  the  finer,  considered  from  an  economical  point  of  view,  while 
at  times  it  would  be  impossible  to  do  so  by  simply  looking  at 
the  figures  given  by  the  sizing-tests. 

Tables  11.  to  V.  give  the  results  of  a  number  of  tests  made 
on  the  three  tube-mills.  The  factors  which  vary  and  influence 
the  efficiency  of  the  tube-mills  are, — the  coarseness  of  the  heads, 
the  rate  of  flow,  and  the  amount  of  pebbles  in  the  mill.  The 
other  factors,  namely,  the  character  of  the  ore,  the  ratio  of  sand 
to  water,  size  of  pebbles,  etc.,  may  be  considered  to  have  re- 
mained constant  throughout  the  tests. 

The  moisture  of  the  pulp  fed  to  the  mills  averaged  from  50 
to  75  per  cent. 

In  Tables  II.  to  V.  the  coarseness  of  the  sand  is  represented 
by  the  gold-  and  silver-indexes ;  the  useful  work  done  by  the 
tube-mills  is  represented  by  the  increased  extraction  produced, 
by  the  gross  profit  per  ton  ground,  or  by  the  net  profit  obtained 
per  ton,  or  per  24  hr.,  of  continuous  run. 

In  Table  V.  are  given  the  sizing-tests  of  a  number  of  sands 
of  different  sand-indexes.  The  reader,  wishing  to  know  the 
composition  of  a  sand  having,  say,  a  gold  sand-index  of  84.9 
per  cent,  can  refer  to  this  table,  and  get  a  fairly  exact  idea  of 
what  would  be  a  siziug-test  on  such  class  of  sand. 

Naturally,  there  is  an  endless  number  of  sands  of  a  given 
sand-index,  but  of  different  composition;  though,  with  the 
present  system  of  classifiers  in  use,  such  differences  are  always 
small. 

The  reader  can  also  refer  to  Fig.  2,  from  which  are  taken 
several  of  the  sizing-tests  given  in  the  Tables  II.  to  V. 

It  is  difficult  to  discuss  completely  the  results  tabulated  in 
Tables  11.  to  V.,  owing  to  the  reasons  already  mentioned. 
However,  we  can  safely  assert,  that : — 

(1)  The  efficiency  increases  proportionally  to  the  amount  of  pebbles 
contained  in  the  mill,  as  may  be  seen : — 

In  Table  II.  by  comparing  Test  No.  2  with  Test  No.  6. 

In  Table  11.  by  comparing  Test  No.  5  with  Test  Nos.  9  and  12. 

In  Table  III.  by  comparing  Test  No.  2  with  Test  No.  8. 

In  Table  III.  by  comparing  Test  No.  6  with  Test  No.  9. 

In  Table  IV.  by  comparing  Test  No.  1  with  Test  No.  4. 

In  Table  IV.  by  comparing  Test  No.  2  with  Test  Nos.  5  and  6. 
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Table 

IL — Showing 

the  Efficiency 

of  Tube^JUiU  No.  8. 

No 

Tom 

afiir. 

Pounds  of 
Pebblen 

Heads. 

Tail*. 

Increaaed 
Extraction. 

Grou  Profit 
per  Ton. 

Net  Prol5t. 

InTube- 
MUl. 

Au. 

Ag. 

Per 
Cent. 

Slime. 

Au. 

Per 
Ag.   Cent. 
Slime. 

Au.     Ag. 

AU. 

Ag. 

Per  1  Per 
Ton.  |24Hr. 

Per 

Per 

Per 

Per 

Per     Per 

Per      Per 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent.  Cent. 

$ 

$ 

$ 

S 

1 

180 



68.8 

44.0 

6.7 

81.7 

66.2 

44.6 

17.9     22.2 

1.48 

0.88 

1.47 

191 

2 

180 

12,000? 

64.8 

46.7 

7.8 

82.4 

67.8 

47.0 

17.6 

21.6 

1.41 

0.37      1.44 

187 

8 

186 

11.200 

66.6 

42.0 

8.8 

82.0 

67.1 

60.6 

15.6 

25.1 

1.24 

0.48      1.38 

180 

4 

loor 

68.4 

42.9 

7.1 

88.4 

66.7 

46  0 

20.0 

24.6 

1.60 

0.42 

1.68 

168 

6 

84 

12,000? 

64.1 

44.0 

7.6 

86.0 

71.8 

62.0 

21.9 

27.8 

1.75 

0.46 

1.87 

167 

6 

180 

8,000? 

66.4 

47.4 

7.9 

79.8 

63.6 

84.9 

12.9 

16.2 

1.08 

0.27 

0.96 

125 

7 

69 

12,400? 

66.0 

46.2 

8.2 

86.9 

71.1 

61.8 

20.9    125.9 

1.67 

0.44 

1.77 

123 

8 

100? 

7,500? 

68.6 

46.2 

10.3 

79.4 

68.7 

33.4 

15.8      17.5 

1.26 

0.80 

1.22 

122 

9 

98 

10.000 

66.4 

47.8 

7.8 

82.1 

66.9 

44.5 

16.7      19.6 

1.26 

0.88 

1.25 

116 

10 

260 

11,000 

67.1 

47.6 

11.0 

785 

66.5 

22.0 

6.4        9.0 

0.51 

0.15 

0.32 

80 

U 

76 

••«..  •«< 

66.9 

48.1 

7.9 

81.8 

66.9 

42.4 

14.4    ]17.8 

1.16 

0.80 

1.11 

83 

12 

75 

9.000? 

67.5 

80.0 

8.7 

79.5 

64.0 

40.0 

12.0    Il4.0 

0.96 

0.24 

0.86 

64 

IS 

140 

8.800 

72.7 

65.7 

18.8 

80.2 

64.8 

89.0 

7.6        9.1 

0.60 

0.15 

0.41 

67 

14 

l&S 

11,000 

71.6 

64.6 

12.8 

79.0 

64.0 

88.0 

7.6 

9.5 

0.60 

0.16 

0.42 

^ 

16 

186 

9,500 

78.6 

56.9 

14.0 

79.4 

68.4 

38.0 

5.8 

6.8 

0.46 

0.11 

0.23        81 

16 

186 

10,900 

73.8 

56.6 

15.6 

78.6 

68.0 

82.2 

5.2 

6.5 

0.42 

0.11 

0.19        26 

17 

170 

11,000 

76.7 

61.6 

20.8 

80.0 

64.7 

87.0 

3.8 

8.1 

0.26 

0.05 

0.03       -^ 

Table  JJI.— Showing  the  Efficiency  of  Tube-Mill  No.  4. 


Tons 

No. 

24^V 

1 

200 

2 

ISO 

3 

135 

270 

97 

117 

135 

139 

9 

111 

10 

186 

11 

200 

Pounds  of 

Pebbles 

InTube- 

MiU. 


22,000? 

18,600 

19.500 


18,000? 

19.600 

19,400 

16,000 

22,000 


Heads. 


Tails. 


Au. 

Ag. 

■per 

Per 

Cent. 

Cent. 

64.6 

44.4 

64.2 

441 

58.4 

36.6 

65.2 

46.0 

63.4 

48.1 

66.2 

469 

66.6 

42.0 

64.7 

43.7 

68.0 

42.7 

72.7 

55.7 

70^ 

53.3 

Per 
Cent. 
Slime. 

Per 
Cent. 

8.4 

8.9 

7.6 
10.0 

4.8 

9.8 

8.8 
16.8 

4.9 
18.8 

9.1 


Per 

Au. 

Ag. 

Cent. 

Per 

Slime. 

Per 

Per 

Cent.  Cent. 

Cent. 

83.4     68.6 

61.0 

83.8     69.0 

80.0 

79.1      63.3 

40.0 

75  5      61.4 

30.2 

86.1      71.2 

64.3 

86.5    '71.1 

60.8 

82.7      68.0 

50.0 

81.0 

66.0 

44.4 

80.1 

64.6 

88.0 

84.5 

70.3 

56  J> 

76.8 

60.8 

21.5 

Gross  Profltl  v«*  !>-<.««. 
per  Ton.    I  «wP«>nt- 


1.44 
1.67  I 
1.65  ' 
0.82  I 
1.82 

1.64 ; 

1.29 
1.30  1 
1.87 
0.94  , 
0.50  ' 


I 


$ 
0.41 
0  42 
0.45  I 
0.28  ' 
0.48  , 
0.41  I 
0.44 
0,88 
0.37 
0.25 
0.13 


$ 

1.48 
1.62 
1.73 
0.73 
1.98 
1.58 


Per 
24  Hr. 


S 

296 
243 
234 
197 
187 
185 


1.36  <  184 


1.81 
1.37 
0.82 
0.26 


182 
152 
111 
52 


Table  IV. — Showing  the  Efficiency  of  TaberMiU  No.  5. 


Tons 

Pounds  of 
Pebbles 

Heads. 

qiaiia            1  Increased 
^*"'-            1  Extraction. 

1 

Gross  Profit 
per  Ton. 

Net  Profit. 

24  Hr. 

In  Tube- 
Mill. 

AU. 
PeT 

Ag. 

Per 
Cent. 

Slime. 

Au. 

Ag. 

Per 
Cent. 
Slime. 

Au. 

Ag. 

Au. 

Ag. 

Per 
Ton. 

Per 
24  Hr. 

Per 

Per 

Per  1   Per 

Per 

Per 

Per 

Cent.  Cent.; Cent. 

Cent.  ICent.  Cent.  Cent. 

Cent. 

$ 

$ 

$ 

S 

1 

215 

26.800 

66.3     45.6 

13.5 

84.0    1  69.0    ,  53.5 

17.7 

23.4 

1.41 

0.40 

1.41 

803 

2 

274 

22,600 

66.0 

46.7 

7.6 

79.1    |63.3 

35.1 

13.1    il6.4 

1.06 

0.28 

0.98 

255 

8 

139 

19,900 

58.9 

35.4 

7.6 

79.4    '64.4 

41.2 

20.5 

29.0 

1.64 

0.49 

1.73 

241 

4 

215 

22,400 

64.3 

44.2 

9.0 

79.4    ,63.1 

86.8 

15.1 

18.9 

1.21 

0.81 

1.12 

241 

5 

278 

20.0(i0 

59.7 

38.6 

9.6 

72.1      54.8 

22.8 

12.4 

16.2 

0.99 

0.27 

0.86 

289 

6 

274 

19,500 

66.9 

49.5 

16.3 

76.2 

60.9 

31.6    1    9.8 

11.4 

0.74 

0.19 

0.58 

145 

7* 

72 

22.000? 

62.9 

42.5    <    8.0 

87.1 

72.6 

70.0 

24.2 

80.1 

1.94 

0.51 

1.91 

138 

8* 

52 

22.000? 

68.3 

45.0    1  10.0 

85.4 

71.0 

61.0 

17.1 

26.0 

1.37 

0.44 

1.00 

52 

9* 

24 

22.000? 

65.7 

47.2      12.0 

89.5 

75.7 

83.4 

23.8 

28.5 

1.90 

0.48 

1.31 

31 

*  Test  by  £.  M.  Hamilton,  op-  <^i<->  pages  13, 16, 22. 
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Table  V. — Sizing-Tests  of  Sands  of  Different  Sand-Indexes. 


Sand- 
Indices. 


Au.      Ag. 


Sample  from  Where  Taken. 


58.4 

86.6 

63.4 

48.1 

66.5 

48.4 

67.5 

50.0 

69.2 

51.6 

71.5 

54.5 

72.8 

56.1 

74.1 

57.8 

76.5 

61.0 

78.5 

68.0 

80.1 

61.6 

81. B 

65.9 

82.4 

67.8 

83.4 

68.6 

84.4 

69.7 

84.9 

70.8 

87.8 

78.2 

89.9 

75.8 

91.8 

78.0 

Discharge  pulp  thickness 

Head  Tube-Mfll  No.  4 

Head  Tube-Mill  No.  4 

Head  Tube-Mill  No.  8 

Head  Tube-Mill  No.  4 

Head  Tube-Mill  No.  4 

Head  Tube-MlU  No.  4 

8d  plug  of  spitz  No.  1 

Sand  collected 

TaUs  Tube-Mill  No.  8 

TaiU  Tube-Mill  No.  4 

Tails  Tube-Mill  No.  8 

Tails  Tube-Mill  No.  8 

Tails  Tube-Mill  No.  4 

Tails  Tube-Mill  No.  4 

Tails  Tube-Mill  No.  4 

4th  plug  spitz  No.  2 

Slime  collected 

Slime  collected 


40 


81.9 
7.5 
1.8 
1.9 
1.4 
1.1 


0.2 


0.1 
0.1 


On 


60 


22.9 
28.0 
14.2 
14.9 
12.8 
8.6 
0.7 
3.6 
0.1 
1.1 
1.7 
1.8 
1.2 
0.2 
0.2 
0.1 


80 


12.6 

24.5 

21.0 

26.0 

22.7 

14.3 

9.8 

11.9 

2.9 

7.8 

7.8 

5.9 

2.8 

2.3 

1.8 

0.8 

0.5 


100       150 


7.9 

12.0 

15.2 

15.4 

16.3 

16.0 

14.5 

16.8 

8.6 

10,1 

11.0 

7.1 

5.4 

4.5 

4.1 

8.8 

0.3 

0.8 


14.4 
20.3 
27.0 
27.4 
26.7 
42.1 
51.0 
44.0 
52.5 
39.2 
30.8 
81.5 
84.2 
27.8 
26.1 
25.7 
19.2 
8.6 


200 


2.2 

2.9 

5.7 

4.8 

5.4 

5.0 

9.8 

6.4 

12.5 

9.5 

11.4 

11.8 

9.8 

13.8 

12.4 

18.2 

14.7 

6.9 

5.0 


3 

I 

200 


7.6 
4.8 
10.0 
8.7 
18.6 
12.8 
14.8 
16.6 
24.2 
82.2 
38.0 
42.4 
47.0 
51.0 
56.4 
66.5 
66.5 
84.6 
95.0 


(2)  The  efficiency  increases  toith  the  coarseness  of  the  sand  fed  to 
the  mill^  as  may  be  seen : — 

On  Table  11.  by  comparing  Test  No.  8  with  Test  No.  14. 

On  Table  11.  by  comparing  Test  No.  18  with  Test  No.  17. 

On  Table  III.  by  comparing  Test  No.  8  with  Test  No.  7. 

On  Table  III.  by  comparing  Test  No.  1  with  Test  No.  11? 

On  Table  III.  by  comparing  Test  No.  2  with  Test  No.  10. 

On  Table  IV.  by  comparing  Test  No.  5  with  Test  No.  6. 

(8)  The  efficiency  decreases  proportionally  to  the  rate  of  feed,  as 
may  be  seen : — 

On  Table  II.  by  comparing  Test  No.  2  with  Test  No.  5. 

On  Table  11.  by  comparing  Test  No.  8  with  Test  No.  10. 

On  Table  III.  by  comparing  Test  No.  5  with  Test  No.  1. 

On  Table  III.  by  comparing  Test  No.  1  with  Test  No.  2. 

On  Table  IV.  by  comparing  Test  No.  2  with  Test  No.  9, 

On  Table  IV.  by  comparing  Test  No.  3  with  Test  No.  5. 

Regarding  the  net  profit  per  day  given  by  a  mill,  it  varies 
with  the  variation  of  the  three  factors  just  mentioned.  It  is 
difficult  to  say  under  which  conditions  the  mills  are  doing  the 
most  satisfactory  work,  since  it  greatly  depends  upon  the  main 
object  of  a  plant,  whether  it  is  to  produce  a  large  amount  of 
money  or  to  obtain  a  high  efficiency. 

Taking  the  high  efficiency  as  the  main  object,  it  is  important 
not  to  try  to  get  a  very  fine  product  at  the  first  operation  by 
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reducing  the  feed  below  8  tons  an  hour.  It  is  far  better  some- 
what to  overcrowd  the  mills,  to  separate  the  slime  and  fine 
sand,  and  to  return  the  insufficiently-ground  sand  to  the  mills. 
The  returning  sand  can  be  classified,  by  means  of  cones,  to  any 
desired  degree  of  fineness  or  coarseness. 

Let  us  now  suppose  the  coarse  sand  from  the  stamps  to  be 
ground  or  reground  by  two  tube-mills  placed  in  series,  yield- 
ing a  final  product  which,  classified,  will  give  69  per  cent,  of 
slime  and  81  per  cent,  of  sand ;  89  per  cent,  of  the  sand  will  pass 
100-mesh,  and  58  per  cent,  will  remain  on  ISO-mesh  (Table  11., 
Test  No.  17).  If  we  run  this  sand  through  a  tube-mill  the  in- 
creased extraction  will  hardly  pay  for  the  cost  of  regrinding. 

Supposing,  now,  we  take  the  same  coarse  sand  from  the  stamps 
and  feed  it  very  slowly  to  a  tube-mill  so  as  to  obtain  a  very  fine 
product,  we  shall  have  the  mill  doing  two  distinct  things, 
namely,  first,  breaking  up  the  coarse  sand-grains  to  150-mesh 
grains,  and  second,  grinding  such  small  grains  to  finer  ones. 

Now,  we  know  that  the  second  operation  does  not  give  a 
profit;  and,  therefore,  it  is  more  profitable  to  overcrowd  the 
mill  and  get  the  fine  sand  through  as  quick  as  possible,  then  to 
separate  the  fine  sand  and  slime  and  to  return  to  the  mill  only 
that  sand  which  it  is  profitable  to  grind. 

This  does  not  mean,  however,  that  the  El  Oro  ore  cannot  be 
ground  economically  finer  than  through  100-mesh  screen. 

With  the  present  system  of  classification  by  spitzkasten  and 
cones,  the  fine  return  sand  cannot  be  fed  to  the  mills  with  less 
than  about  70  per  cent,  of  moisture,  and  fine  sand  needs  to  be 
ground  in  the  state  of  a  thick  pulp,  while  the  coarse  sand  can 
be  ground  in  a  state  of  greater  dilution. 

We  have  seen,  previously,  that  the  value  of  the  tails  drops 
rapidly  for  sands  which  will  pass  a  150-mesh  sieve,  and,  there- 
fore, it  is  most  important  (and  probably  will  prove  to  be  eco- 
nomic) to  grind  beyond  that  limit. 

2.  PebblerConsumption. — The  pebbles  used  at  El  Oro  are  the 
so-called  "Danish"  pebbles,  and  cost  $36.80  per  ton  brought 
to  the  mill. 

Tube-mill  No.  3  shows  an  average  consumption  of  8.7  lb.  of 
pebbles  per  ton  of  sand  passing  through.  Tube-mill  No.  5 
shows  a  consumption  of  8.9  lb.,  and  No.  4  of  9.2  lb.  The  aver- 
age consumption  for  the  last  4  months  has  been  5  lb.  per  ton. 
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The  reason  No.  4  consumes  more  than  twice  as  mach  as  the 
other  two  mills  is,  that  the  fine  sand,  returning  to  be  reground, 
was  chiefly  fed  to  this  mill. 

8.  Liners. — The  former  liners  came  from  Germany,  but  at 
present  all  the  liners  are  made  in  the  foundry  of  the  El  Oro 
Mining  &  Railway  Co.,  Ltd.  These  last  as  long  as  the  imported 
ones,  and  cost  about  one-half  as  much. 

The  consumption  of  liners  is  about  1.2  lb.  per  ton  of  sand 
ground,  but  accurate  figures  are  not  available  at  present. 

Table  VI.  shows  the  wear  of  one  set  of  Krupp  liners.  It  is 
interesting  to  note  how  much  greater  is  the  rate  of  wearing 
near  the  feed-end  of  the  mill,  indicating  that  the  greater  part 
of  the  work  is  done  in  the  first  half  of  the  mill. 

Table  VI. — Cmsumption  of  Liners  in  Tube-Mill  No.  8. 


Date. 
1905. 


May  8 

Jane  29 

July  3 

Jnly  6 

July  12 

July  13 

July  14 

July  19 

July  25 

July  30 

August  15.. 
August  16.. 


Total.. 


Number  of  Liners  Changed  in  the 

Head- 
Plates. 

I 

l8t  Row, 

2d  Row. 

SdRow. 

4th  Row. 

Mill 

started 

with 

new  set 

of 

1 

2 

2 

5 

2 
2 
5 

••*4' 

*  r 

3 

4 

4 

1 
3 

...». 

2 

6 

•    1 

13 

13 

10 

10 

6 

Sundry. 


liners. 


1  manhole. 
1  screw. 


1  screw. 


Nons. — On  August  16th,  head-  and  tail-plates  were  practically  worn  out. 

Two  tube-mills  have  been  ordered  for  grinding  the  sand  of 
Mill  No.  1 ;  these  will  be  provided  with  silex  liners. 

4.  Cost  of  Ghrinding, — The  cost  of  grinding  by  tube-mills  has 
been  calculated  per  ton  of  sand  actually  passing  through  the 
tube-mills  during  the  last  4  months'  run.  The  cost  of  grind- 
ing recorded  in  Tables  IX.  and  X.  are  given  per  ton  of  sand 
and  per  ton  of  slime  treated,  and,  therefore,  differ  considerably 
from  those  in  Tables  VII.  and  VIII. 

During  the  month  of  August,  5,170  tons  of  sand  were  run 
through  the  tube-mill,  out  of  the  10,773  tons  crushed  by  the 
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stamps,  and  72  per  cent,  of  these  5,170  tons  were  returned  to 
the  tube-mills  to  be  reground.  The  total  amount  of  sand 
ground  was  8,890  tons. 

The  costs  given  in  Table  VII.  represent  the  average  costs  of 

Table  VII. — Cost  of  Qrindmg  and  Begrinding  by  Tube-Mills 
Fer  Ton  of  Sand  Actually  Passing  through  the  Mills, 


Items. 


Depreciation  of  capital  (3  years) 

Pebble  consumption  @  5  lb.  per  ton 

ground 

Liners  consumption  @  1.2  lb.  per  ton 

ground 

Power  (steam)  @  $168  per  year 

Power  (electric)  @  $62.50  per  year 

Bepairs 

Belting  (2  years) 

Labor  @  $3.60  per  day 

Supplies 


Total  cost  per  ton  ground  (steam) 

Total  cost  per  ton  ground  (elect  pow.) 


Tube- Mill 
No.  6. 


$0,036 

0.092 

0.041 
0.180 
(0.067) 
0.024 
0.003 
0.007 
0.016 


$0,398 
$0,285 


Tube-MUl 
No.  4. 


$0,037 

0.092 

0.041 
0.148 
(0.055) 
0.024 
0.003 
0.007 
0.015 


$0,367 
$0,274 


Tube-MUl 
No.  3. 


$0,037 

0.092 

0.041 
0.118 
(0.044) 
0.024 
0.003 
0.007 
0.015 


$0,337 
$0,263 


Note  :  Belts  ;  140  ft.  of  24-in.  belt  per  mill. 

Labor :  per  day,  2  peones  ;   1  mechanic  ;'  \  mech.   supt.  ;  supt.   and 

shift-bosses,  proportional  part. 
Liners  @  $0,034  per  pound. 
Pebbles  @  $0.0184  per  pound. 

grinding  and  regrinding.  It  was  not  possible  to  determine 
separately  the  exact  cost  of  grinding  the  coarse  sand  from  the 
batteries  and  the  fine  sand  from  the  return  cone,  owing  to  the 
frequent  necessity  in  the  plant  of  switching  one  flow  or  the 
other  from  one  mill  to  another.  We  may  observe,  however, 
that  the  cost  of  grinding  fine  sand  is  far  greater  than  the  cost 
of  grinding  coarse  sand,  owing  to  the  reduced  efficiency  of  the 
mills,  and  the  greater  wear  of  pebbles  and  liners,  in  the  former 
case. 

VII.  Slime-Treatment. 

The  slime-pulp,  overflowing  from  the  hydraulic  classifiers,  is 
composed  of  about  1  part  of  slime  to  12  parts  of  mill-water. 
The  pulp  flows  directly  to  the  steel  treatment-tanks,  12  ft.  in 
height  and  34  ft.  in  diameter,  entering  at  the  center  through  a 
wooden  box,  so  arranged  as  to  break  the  force  of  the  flow. 
Caustic  lime  is  added  to  the  mill-pulp,  just  before  it  enters  the 
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tube-millB,  in  the  proportion  of  12  lb.  of  lime  per  ton  of  ore. 
The  slime  settles  completely,  and  the  clear  mill-water  overflows 
and  is  pumped  back  to  the  mill  storage-tanks. 

Each  slime-charge  consists  of  from  62  to  85  tons  (average  76 
tons)  of  dry  slime ;  and  it  takes  about  12  hr.  to  collect  the 
charge  when  100  stamps  are  crushing  through  80-mesh,  and 
when  one  tube-mill  alone  is  used  for  regrinding  the  sand; 
while  it  takes  about  9  hr.  when  40-mesh  battery^creens  are 
used,  and  when  two  tube-mills  grind  and  regrind  the  coarse 
sand;  and  it  takes  only  5.5  hr.  when  crushing  through  25-mesh, 
and  keeping  three  tube-mills  at  work. 

When  a  charge  is  completed,  the  slime  is  allowed  to  settle 
for  8  hr.,  at  the  end  of  which  a  76-ton  charge  will  have  caked 
down  to  a  depth  of  50  inches.  The  pulp  has  an  average  specific 
gravity  of  1.39,  and  will  contain  about  53  per  cent,  of  water. 

The  clear  mill-water  is  decanted  as  the  settling  takes  place, 
thus  avoiding  any  delay  when  the  settling  is  considered  to  be 
complete.  Lately,  a  larger  percentage  of  very  fine  sand  has 
been  sent  over  with  the  slime,  causing  a  far  greater  rate  of  set- 
tling of  the  slime. 

The  pulp  is  then  set  in  agitation  by  a  mechanical  agitator, 
consisting  of  a  horizontal  wooden  cross  revolving  in  the  center 
of  the  tank,  14  in.  from  the  bottom,  and  at  a  speed  of  7  rev. 
per  minute.  Two  arms  of  this  cross  are  15  ft.  long,  and  two 
are  7  ft.  long.  When  the  whole  pulp  is  once  set  in  rotation  it 
takes  about  6  h.p.  to  keep  up  the  movement. 

Ten  minutes  after  the  agitation  has  begun,  a  valve  at  the 
bottom  edge  of  the  tank  is  opened,  and  the  pulp  put  into  cir- 
culation by  a  Gwynne  centrifugal  pump,  which  elevates  the 
pulp  and  throws  it  back^to  the  center  of  the  tank.  Compressed 
air  is  fed  near  to  the  inlet  of  the  pump  to  aerate  the  pulp. 
These  centrifugal  pumps  do  excellent  work;  but  the  cost  of 
operating  them  is  high,  as  they  consume  14  h.p.  The  pump 
has  to  run  14.25  hr.  for  the  complete  treatment  of  each  charge 
of  slime.  Reckoning  the  h.p-year  at  $150,  the  total  cost  of 
the  pump-agitation  is  JO.  14  per  ton  of  slime. 

When  the  pulp  has  been  thoroughly  mixed,  it  is  sampled 
and  the  specific  gravity  is  determined,  so  as  to  calculate  the 
weight  of  each  charge.  Cyanide  solution  is  then  added  to  the 
pulp,  and  the  treatment  of  the  slime  carried  on. 

[23] 


106  FINE   GRINDIN(»   OF   ORB   B7   TUBE-MILLS. 

The  treatment  followed  at  El  Oro  until  July,  1905,  graphi- 
cally shown  in  Fig.  8,  consists  of  4  washes ;  but  it  was  some- 
what modified  after  the  results  of  the  tests  to  be  described  later. 

1.  Preliminary  Test  No,  1. — ^The  first  test  made  was  to  follow 
closely  one  slime-charge  throughout  its  treatment,  taking  slime- 
and  solution-samples  every  few  hours,  and  keeping  track  of  all 
the  data  which  could  have  a  bearing  on  the  process  of  extrac- 
tion.    The  results  thus  obtained  were  plotted  in  Fig.  7. 

A  few  words  on  the  methods  follows  in  the  graphic  repre- 
sentation of  an  extraction-test  will  be  found  useful.  For  each 
test  are  given  seven  curves,  representing  the  variations  of  the 
following  data  in  functions  of  the  time. 

1.  Undissolved  gold-values  contained  in  the  slime. 

2.  Undissolved  silver-values  contained  in  the  slime. 

3.  Percentage  of  absolute  gold-extraction. 

4.  Percentage  of  absolute  silver-extraction. 

5.  Ratio  of  weight  of  slime  to  weight  of  solution. 

6.  Strength  of  solution  in  per  cent,  of  KCN". 

7.  Pounds  of  KCN  consumed  per  ton  of  slime,  since  the  be- 
ginning of  the  treatment. 

The  first  4  curves  are  grouped  in  one  diagram,  the  3  latter 
in  a,  second  one,  placed  below  the  first.  Both  diagrams  have, 
as  common  ordinates,  the  time  elapsed  since  the  first  moment 
the  charge  began  to  settle  and  collect  in  the  treatment-tank. 
The  time  (=  ordinates)  is  given  in  two  units,  days  and  consecu- 
tive hours;  in  the  scale  of  the  original  blue  prints,  it  was  15  hr. 
to  the  inch.  The  units  of  the  abscissse  vary,  following  the  curve 
they  refer  to,  and  their  scales  are  given  on  the  sides  of  the  dia- 
grams. On  the  upper  part  of  the  diagram,  heavy  bars  mark  the 
periods  of  time  during  which  the  pulp  was  kept  in  agitation 
by  means  of  the  mechanical  agitator,  or  by  means  of  the  Butters' 
pump. 

In  Fig.  7  we  can  closely  follow  the  process  of  extraction  as 
it  was  practiced  in  the  new  plant  up  to  July,  1905. 

During  the  first  16  hr.  the  charge  is  collecting  and  settling; 
the  settling  continues  until  the  29th  hour  when,  the  mill-water 
having  been  decanted,  the  mechanical  agitation  is  started,  and 
soon  followed  by  the  pump-agitation.  Up  to  the  3l8t  hour  the 
gold-  and  silver-values  in  the  slime  are  considered  to  have  re- 
mained constant.     At  the  3l8t  hour  183  tons  of  0.034-per  cent 
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Time 


Assay-returns  marked  by  x. 

Sammary, 

Quantity  of  slime  treated, 94. 'I  tons. 

,n^  .     ,                I  f  Au.  $8.40 

Original  assay-value,    ...         • tAg.  $2.30 

Absolute  gold-extraction,     .        .          ......  96.6  per  cent. 

Absolute  silver- extraction,    .                 84.8  per  cent. 

Actual  gold-extraction, 91.0  per  cent. 

Actual  silTer-extraction, 77.4  per  cent. 

Absolute  total  extraction, 93.3  per  cent. 

Actual  total  extraction, 88.0  per  cent 

r  ^^   r  dissolved,    .        .         .  $0.39 

,      .,                           .        *  I  undissolved,        .        .  $0.37 

Assay-values  of  tails,    .        .       A           r  dissolved,    .         .        .  $0.17 

L     ^*  t  undissolved,                 .  $0.36 

KCN  consumption,  per  ton  of  slime, 96  lb. 

Chemicals :  lead  acetate  per  ton  of  slime, 0.443  1b. 

Quantity  of  solution  used, 686  tons. 

Quantity  of  solution  precipitated, 403  tons. 

Total  time  of  treatment  in  slime-tanks,         .....  80  hours. 

Notes 
Gold  at  $20. 67.    Silver  at  $0. 60. 

Fio.  7.— Extraction  Test  No.  11,  on  Slime  at  Mill  No.  2. 

(June  6  to  14,  1905.) 
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KCN"  solution  were  added,  and  the  double  agitation  kept  up 
until  the  56th  hour.  As  soon  as  the  cyanide  comes  in  contact 
with  the  slime,  the  gold  begins  to  pass  rapidly  into  solution, 
while  the  silver  appears  to  be  but  slightly  affected.  The  rate 
of  dissolution  of  the  gold,  while  great  at  the  beginning,  soon 
slacks  off,  and,  if  the  first  wash  should  be  carried  on  indefinitely, 
the  curve  of  .undissolved  gold-values  would  tend  to  become  a 
horizontal  line  somewhere  after  the  100th  hour.  The  silver- 
values,  on  the  contrary,  decrease  in  an  almost  linear  way,  as  is 
also  verified  in  the  later  experiments.  It  may  be  noticed  that 
the  gold-  and  silver-extraction  proceeds  continuously,  even 
during  the  periods  of  settling. 

From  the  66th  to  the  69th  hour,  the  first  solution  is  de- 
canted, and  at  the  71st  hour  a  second  addition  of  0.034-per 
cent.  KCN  solution  is  added  and  mixed  to  the  slime-pulp. 
During  the  first  two  hours  the  gold  is  shown  to  be  again  rap- 
idly dissolving,  while  the  silver  is  practically  unaffected.  At 
the  73d  hour  lead  acetate  was  added  to  the  charge  in  the  pro- 
portion of  0.44  lb.  of  lead  acetate  per  ton  of  dry  slime.  The 
lead  acetate  was  added  in  form  of  crystals,  and  hung  in  a  sack 
of  cocoa  matting  at  the  center  of  the  tank^  where  it  was  struck 
by  the  flow  of  the  pulp  discharged  by  the  circulating  pump. 
Its  effect  on  the  gold-  and  silver-extraction  is  quite  remarkable. 
The  gold-values  rapidly  fall  to  60c.,  coming  near  to  their  lowest 
possible  limit,  which  is  a  function  of  the  average  diameter  of 
the  grain,  and  which  limit  for  a  95-per-cent-through.200-mesh 
slime  is  about  55c.  on  an  original  assay-value  of  $9  for  the 
pulp. 

The  silver-values  have  also  a  rapid  but  somewhat  less  accen- 
tuated drop,  and  continue  to  decrease  throughout  the  whole 
treatment.  Even  after  196  hours'  treatment  there  will  be  some 
silver  still  passing  into  solution ;  and,  at  the  moment  of  the  dis- 
charge, about  30  per  cent,  of  the  undissolved  silver  in  the  tails 
could  still  be  dissolved.  This,  however,  could  not  be  done  with 
profit. 

The  attempt  has  been  made  to  treat  both  sand-  and  slime- 
tailings  with  nitric  acid,  and  then  with  aqua  regia;  and  these 
tests  have  confirmed  the  results  obtained  by  Mr.  S.  H.  Pearse,* 

'  S.  H.  Pearee,  Transactions  of  the  Institution  of  Mining  and  Metallurgy^  October 
20,  1904. 
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namely,  that  only  a  few  cents  in  gold  and  about  0.2  oz.  of  silver 
per  ton  can  still  be  brought  into  solution  by  such  treatment. 
From  the  diagrams  it  is  easy  to  see  that,  after  the  second  wash, 
the  gold-extraction  comes  practically  to  a  stand-still,  while  the 
silver-extraction  proceeds,  though  at  a  decreasing  rate. 

After  the  second  solution  has  been  decanted,  two  other  washes 
were  given  to  the  slime ;  and  with  the  fourth  wash  the  slime  was 
pumped  over  to  the  deep  settlers,  which  are  iron  tanks,  20  ft. 
deep  and  84  ft.  in  diameter,  where,  gradually  settling,  it  caked 
down  to  89  per  cent,  of  moisture.  Then  it  was  discharged  into 
the  creek. 

In  practice,  however,  it  was  found  almost  impossible  to  give 
a  fourth  wash  to  the  slime,  because  the  plant  was  overcrowded. 
Hence,  it  was  necessary  to  pump  over  the  slime  with  the  third 
solution,  thus  discharging  into  the  creek  the  completely  treated, 
but  insufficiently  washed,  slime. 

Concerning  the  consumption  of  KCN,  we  notice,  from  the 
diagram,  that  it  is  very  great  at  the  beginning  of  each  wash,  by 
reason  of  the  dissolution  of  tfie  gold  and  silver  and  the  com- 
plex action  of  the  cyanicides.  All  the  experiments  show  that 
there  is  some  loss  in  cyanide  every  time  a  solution  comes  in 
contact  with  the  ore,  even  when  all  the  values  have  already 
been  brought  into  solution ;  and  the  loss  in  cyanide  is  propor- 
tional to  the  strength  of  the  solution  used.  Therefore,  the 
values  ought  to  be  dissolved  in  the  shortest  time  possible,  so  as 
to  reduce  the  losses  in  cyanide  to  the  first  few  strong  solutions 
used. 

When  the  dissolution  is  economically  complete,  the  succeed- 
ing washes  will  be  carried  on  with  the  sole  purpose  of  washing 
out  the  values.  The  wash-water  is  certain  to  become  enriched 
with  cyanide  (which,  by  the  way,  is  necessary  for  the  precipita- 
tion in  the  zinc-boxes) ;  but  the  loss  of  cyanide  in  the  wash- 
water  will  be  small,  owing  to  the  weakness  of  the  solution.  It 
is  obvious  that  the  cyanide-loss  by  discharging  the  tailings  will 
be  similarly  reduced. 

2.  PteUminary  Test  No.  2. — ^A  second  test  was  carried  on 
contemporaneously  with  the  one  just  described,  and  the  results 
were  almost  identical.  In  this  test,  however,  the  first  solution 
used  was  stronger  and  the  gold-extraction  more  rapid.  The 
pumping  and  aeration  during  the  first  wash  were  suspended  for 
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12  hr.  after  the  charge  and  solution  had  become  thoroughly 
mixed,  and  then  started  up  again  for  18  hours.  The  renewed 
aeration  seems  to  mark  an  acceleration  in  the  gold-extraction, 
though  the  drop  of  the  tail-values  is  very  close  to  the  limit  of 
error  in  sampling  and  assaying.  Aeration  is  indispensable  for 
rapid  extraction;  but  this  fact  does  not  involve,  as  a  conse- 
quence, the  necessity  of  aerating  the  pulp  during  the  whole 
period  of  agitation.  The  solution  will  rapidly  absorb  the  maxi- 
mum of  oxygen  soluble  in  it,  and  after  one  hour's  pumping  it 
will  retain  sufficient  air-bubbles  in  emulsion  to  act  as  a  oxygen- 
storage  for  a  certain  length  of  time. 

8.  jBKrst  Modification  of  Slime-Treatment — The  tests  described 
in  the  preceding  pages  have  shown  us  the  marked  action  of  the 
lead  acetate  on  the  rate  of  dissolution  of  the  gold-  and  silver- 
values.  Two  further  tests  were  made  to  determine  whether  it 
would  be  possible  to  complete  the  process  of  gold-  and  silver- 
solution  during  the  first  wash  by  adding  chemicals  at  an  earlier 
period  of  the  treatment.  The  results  of  one  of  these  tests  are 
given  graphically  on  Fig.  8. 

In  this  test  the  lead  acetate  was  added  11  hr.  after  the  first 
cyanide  solution  had  come  in  contact  with  the  slime.  During 
these  11  hr.  the  gold-extraction  proceeds  in  a  way  similar  to 
the  one  noticed  in  the  test  previously  described.  The  silver- 
extraction  is  somewhat  more  rapid,  a  fact  which  may  depend 
on  some  lead  acetate  being  contained  in  the  unprecipitated 
solution  used  as  first  wash.  The  addition  of  the  lead  acetate 
produces  a  sudden  rapid  extraction  of  the  gold,  and  a  far  less 
accentuated  one  of  the  silver.  In  fact,  the  silver-values  drop 
in  an  almost  straight  linear  throughout  the  whole  treatment, 
independently  of  whether  the  slime  is  agitated  or  settling. 

It  is  easy  to  see  from  the  diagram  that  the  first  wash  could 
just  as  well  have  been  cut  oflF  at  the  85th  hour;  and  the  12  hr. 
included  between  the  85th  hour  and  the  end  of  the  first  wash 
could  have  been  used  for  giving  an  extra  wash  to  the  charge. 

This  would  have  saved  about  17c.  per  ton,  by  lowering  the 
values  in  solution  in  the  final  wash.  After  the  58th  hour  the 
slime  was  twice  washed,  as  rapidly  as  the  settling  of  the  slime 
would  allow,  and  then  it  was  pumped  over  to  the  deep  settlers 
with  its  fourth  wash-solution. 

Contemporaneously  with  this  test,  a  second  test  was  made  in 
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Quantity  of  tons  treated, 
Original  assay-value,  . 

Absolute  gold-extraction, 
Alieolate  silver-extraction, 
Actual  gold-extraction, 
Aetna!  silver-extraction, 
Absolute  total  extraction, 
Actual  total  extraction, 


Assay-returns  marked  by  <. 
Summary. 


Assay-value  of  tails, 


An  ■[  <^**8olved. 
I  undissolved, 

.      f  dissolved,    . 

^  '  \  undissolved, 
KCN  consumption,  per  ton  of  slime,  . 
Chemicals :  lead  acetate  per  ton  of  slime. 
Quantity  of  solution  used,  . 
Quantity  of  solution  precipitated. 
Total  time  of  treatment  in  slime-tanks. 

Notes, 
Gk>ld  at  $20.67.    Silver  at  |0. 50. 


61.5  tons. 

f  Au.  $7.44 
lAg.  $2.18 
95.8  per  cent 

81.6  percent. 

93.7  per  cent 

79.3  per  cent 
92.6  per  cent 

90.4  per  cent. 
$0.16 

$0.31 
$0.05 
$0.40 
0.96  lb. 
0.46  lb. 
643.6  tons. 
457.0  tons. 
60.0  hours. 


Fio.  8.— ExTRAcnoir  Tkbt  No.  14,  on  Slimk  at  Mill  No.  2. 

(June  16  to  22,  1905.) 
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which  mercuric  chloride  was  used  instead  of  lead  acetate.  In 
this  case  the  agitation  and  aeration  with  the  centrifugal  pump 
was  dispensed  with  as  much  as  possible.  After  the  'charge  had 
been  thoroughly  mixed  for  one  hour,  the  agitation  was  carried 
on  for  29  hr.  by  merely  keeping  the  pulp  in  rotation  by  means 
of  the  mechanical  stirrers. 

During  the  first  3.5  hr.,  after  the  solution  came  in  contact 
with  the  slime,  the  dissolution  of  gold  proceeded  as  rapidly  as 
in  the  test  previously  described.  The  silver-extraction  seems 
to  be,  as  before,  rather  rapid.  After  3.5  hours'  treatment,  mer- 
curic chloride  was  added  by  suspending  16  lb.  of  HgCl,  in  a 
loosely-woven  sack  near  the  rim  of  the  tank.  The  mercuric 
chloride,  which  was  in  broken  pieces  (some  being  as  large  as 
an  egg),  dissolved  very  slowly ;  after  10  hr.  about  one-third  of 
it  was  still  undissolved.  The  action  of  the  mercuric  chloride 
proved,  however,  to  be  exceedingly  rapid,  even  with  the  small 
amount  of  it  which  can  have  dissolved  during  the  first  3  hr.  it 
was  hanging  in  the  tanks.  Ten  hours  after  the  first  lot  of 
HgClj  had  been  added,  a  further  addition  of  2  lb.  of  HgCl,  was 
made ;  but  such  addition  only  seems  to  have  slightly  afiected 
the  extraction  of  silver. 

This  test  shows  us  that,  during  the  18  hr.  following  the  40th 
hour  of  treatment,  the  total  useful  work  done  was  to  extract 
only  about  30c.  in  silver  fi-om  the  slimes.  These  18  hr.,  there- 
fore, were  practically  lost  time;  since  the  silver-extraction 
would  have  proceeded  just  the  same  if  the  slime  had  been  set- 
tling; and  they  could  have  been  used  for  giving  an  extra  wash, 
which  would  have  saved  about  35c.  per  ton. 

4.  Modified  Slime'Treaiment. — The  four  tests  described  in  the 
preceding  pages  give  the  evidence  that,  by  using  lead  acetate 
or  mercuric  chloride  at  the  beginning  of  the  first  wash,  the  ex- 
traction of  the  gold  can  be  almost  completed  in  12  hr.,  and 
that  60  per  cent,  of  the  final  extraction  of  the  silver  can  be 
obtained  during  the  same  period  of  time. 

The  tests  also  show  that  the  silver-extraction  will  continue 
during  the  following  operation  of  washing-out  the  values  by 
repeated  settling  and  decanting,  almost  independently  of  the 
fact  whether  the  slime  is  agitated  or  not. 

It  was,  therefore,  decided  to  modify  the  slime-treatment  on 
slime-plant  No  2.  The  outline  of  the  treatment  is  as  follows : — 
after  decanting  the  mill-water  fi-om  the  already  settled  slime- 
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charge,  the  pulp  is  stirred  up  and  mixed  with  about  its  equal 
weight  of  unprecipitated  solution,  so  as  to  bring  the  total  ratio 
of  solution  to  slime  to  about  2.5  to  8.  While  the  solution  is 
flowing  into  the  tank,  the  final  strength  of  the  solution  is 
brought  up  to  from  0.045  to  0.05  per  cent  of  KCN,  by  hang- 
ing the  necessary  amount  of  NaCfT  in  a  sack  just  under  the 
flow  of  clear  solution  entering  the  tank.  When  there  is  an  ex- 
cess of  strong  solution  in  the  sand-treatment  plant,  as  after 
heavy  rains,  it  is  usual  to  pump  some  strong  solution  into  the 
slime-tanks,  so  as  to  bring  up  the  strength  of  the  weak  solu- 
tion. Lead  acetate  (0.4  lb.  per  ton  of  slime)  is  dissolved  at  the 
same  time  and  by  the  same  method. 

After  the  required  volume  of  solution  has  been  added  to  the 
charge,  which  takes  about  1  hr.,  the  double  agitation  by  pump 
and  stirrer  is  kept  up  for  7  hours.  Then  fresh,  unprecipitated 
solution  is  added,  so  as  to  fill  the  tank  completely.  The  a^ta- 
tion  is  then  stopped,  and  the  slime  allowed  to  settle.  After  de- 
canting the  first  solution  as  closely  as  possible,  four  additional 
washes  are  given  to  the  charge  as  rapidly  in  succession  as  the 
settling  of  the  slime  will  allow ;  and,  with  the  last  one,  the 
pulp  is  pumped  over  to  the  deep  settlers. 

To  diminish  the  amount  of  solution  to  be  precipitated  in  the 
zinc-boxes,  the  first  two  solutions  are  unprecipitated  solutions 
from  the  deep  settlers.  The  value  of  such  solution  will  only  aver- 
age 15e.  in  gold  and  a  few  cents  in  silver  per  ton,  and  therefore 
does  not  afiect  sensibly  the  final  value  of  the  last  wash-solution. 

It  was  customary  at  El  Oro  to  keep  the  ratio  of  solution  to 
slime  as  high  as  possible  during  the  treatment.  But  the  tests 
described  in  the  preceding  pages  have  proved  that  a  rapid  and 
good  extraction  can  be  obtained  just  as  well  when  this  ratio  is 
as  low  as  2.5.  The  advantage  of  using  a  small  bulk  of  solu- 
tion during  the  first  treatment  is,  that  less  cyanide  and  less 
lead  acetate  are  needed  to  bring  the  solution  to  the  desired  de- 
gree of  concentration. 

Naturally,  in  washing-out  the  values,  the  ratio  of  solution  to 
the  slime  has  always  to  be  kept  as  high  as  possible,  to  get  a 
good  extraction,  because  the  capacity  of  the  plant  is  not  great 
enough  to  allow  a  great  number  of  washes  to  be  used. 

In  order  to  verify  the  efficiency  of  the  modified  treatment,  a 
test  was  run  on  one  of  the  slime-charges  handled  by  the  shift- 
bosses,  and  the  results  are  given  graphically  in  Fig.  9. 
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Time 


Aflsay-retnms  marked  bj  x. 

Swnmary. 

Quantity  of  slime  treated, 61.5  tons. 

Original  assay-value, {Ag.' IlW 

Absolute  gold-extraction, 95.9  per  cent- 
Absolute  si  Iver^ext Faction, 84.2  per  cent* 


Actual  gold-extraction, 
Actual  silyer- extraction, 
Absolute  total  extraction, 
Actual  total  extraction. 


92.1  percent- 
76.3  per  cent. 
93.6  per  cent. 

98.2  per  cent. 
$0.30 
$0.32 
$0.15 
$0.30 

KCN  consumption,  per  ton  of  slime, 0.90  lb. 

Chemicals :  lead  acetate  per  ton  of  slime, 0.46  lb. 

Quantity  of  solution  used, 813  tons. 

Quantity  of  solution  precipitated, 459  tons. 

Total  time  of  treatment  in  slime-tank  J 50  hours. 


Assay-value  of  tails. 


A      f  dissolved,  . 

•  \  undissolved, 

.      i  dissolved,  . 

®*  \  undissolved, 


Gold  at  $^0. 67.     Silver  at  $0.50. 


Notes. 


Fig.  9. — Extraction  Test  No.  16,  on  Slime  at  Mill  No.  2. 
(June  26  to  July  2,  1905.) 
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We  shall  only  call  the  attention  to  the  fact  that  the  4th  solu- 
tion used  was,  by  mistake,  an  unprecipitated  solution,  assaying 
88c.  in  gold  and  10c.  in  silver.  If  such  solution  had  been  a 
precipitated,  and  therefore  practically  barren,  solution,  the 
values  of  the  final  wash  would  have  been  14c.  in  gold  and  10c. 
in  silver,  instead  of  28c.  in  gold  and  14c.  in  silver  per  ton. 

In  Table  VrH.  are  given  some  data  regarding  the  slime- 
treatment,  showing  the  increased  saving  obtained  during  the 
months  of  July  and  August,  as  compared  with  the  months  of 
May  and  June,  recorded  in  Table  VII. 

Table  Vin. — Data  of  Slime^Treaimmty  Showing  Increased 
Economy  During  July  and  August^  1904. 

August 


Average  gold  value  of  slime-tails... 
Average  silver  value  of  slime-tails. 
Avera^^e  gold  value  of  last  wash... 

Cost  of  pumping  and  agitating 

Total  cost  of  treatment.. 

Total  loss  and  expenses  per  ton  of 
dime 


May. 

June. 

July. 

$1,160 

11.130 

.  $0,840 

0.810 

0.790 

0.440 

? 

0.627 

0.180 

0.610 

0.466 

0.234 

1.676 

1.616 

1.261 

3.6.S6 

3.436 

2.641 

$0,670 
0.340 
0.148 
0.206 
1.219 


2.129 


Preliminary  tests  have  proved  that  lead  chloride  has  the 
same  effect  on  the  rate  of  extraction  as  lead  acetate.  However, 
it  has  not  been  possible,  up  to  this  moment,  to  obtain  quota- 
tions on  the  price  of  lead  chloride  sold  in  car-lots,  or  has  it 
been  possible  to  try  the  chloride  on  a  working-scale. 

Table  IX.  gives,  in  a  condensed  form,  the  cost  of  treatment 
per  ton  of  slime,  as  well  as  some  data  which  may  be  found 
useful  for  reference. 

Table  IX. — Cost^  per  ion,  of  SUme- Treatment  at  Mill  No.  2  (1905). 

July.  August. 

Separatom,  .......  $0.0262  $0.0199 

Sand-wheel, 0.0221  0.0129 

Tnbe-mills, 0.1607  0.2796 

Precipitation, 0.2128  0.1943 

Cyanide 0.2202  0.1637 

Circulation-pumps, 0.1S68  0.1398 

Agitators, 0.0983  0.0668 

Solution-pumps, 0.0626  0.0637 

Betorting  and  melting,         ....      0.0700  0.0614 

Labor, 0.2221  0.1792 

Other  items, 0.0417  0.0484 

Total, $1.2616  $1.2186 
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Data  of  Slirne- Treatment. 

Per  Gent. 
MaUiun :  Pulp  flowing  to  treatment-Umkfl,  .90 

Charge  collected  (let  settlement),       .        .        .         .58 

Slime-tails  diflcharged 40 

Cftar^n^;  Average  charge  per  tank,         ....     76.4  tons. 
Time  of  collecting  one  charge : 

100  stamps,  40-me8h,  2.5  in.  discharge,  1  tuhe-mill,  11  hr. 
100  stamps,  30-mesh,  2.5  in.  discharge,  2  tabe-mills,  9  hr. 
100  stamps,  SO-mesh,  2.5  in.  discharge,  3  tube-mills,  7  hr. 
100  stamps,  25-mesh,  2.5  in.  discharge,  8  tube-mills,  5.5  hr. 
/Suin^-Test;  On  200-me8h  (0.067  mm.),  .      from    5  to  12  percent. 

Through  200-mesh  (0.067  mm.),         .        .        .      from  95  to  88  percent 

2Vea<m«n^2hnib.•  Diameter, 34  ft. 

Height, 10  ft. 

Normal  capacity, 10,000  cu.  ft. 

Thickness  of  plate, i  and  ^  in. 

Hours 

Time:  Agitation  of  first  solution, 8 

First  settling, 8 

Total  time  for  each  wash, 9.5 

Total  time  for  collecting,  treating,  washing,  decanting,  losses  of  time, 
shut-downs  for  each  76-ton  charge  (average,  July,  1906),       .        .     78 

Time  for  complete  extraction  of  gold, 12 

Time  of  agitation  by  pumps  and  stirrers, 14.25 

Time  of  settling  in  deep  settlers, from  3  to  4  days. 

SolutwM  and  Chemicah:  Strength  of  solution,  .        .         0.05  per  cent  of  KCN. 
Batio  of  solution  to  slime  (treatment),      .                  2.5 
Batio  of  solution  to  slime  (washing),         .        .         5.0 
KCN  consumption  per  ton  of  slime,  .        .        .         0.95  lb. 
Lead  acetate  used  per  ton  of  slime,    .                          0.45  lb. 
Or  mercuric  bichloride  per  ton  of  slime,    .        .          0.20  lb. 
Lime  used  per  ton  of  ore  crushed,              .                12.0  lb. 
^y-Falue...  Value  of  heads. {Ir 'liSll'S 

TT  1        *  *  -1    /           V.  j\  J  Au,    0.40-0.70 

Value  of  talk  (miwashed), lAg,    0.25^).45 

Value  of  mill-water 0.50-1.00 

Value  of  first  solution  decanting, 2.40-3.00 

Value  of  last  wash, 0.15 

Gold-extraction 91  to  92  per  cent 

Silver-extraction, 75  to  80  per  cent 

Value  of  precipitated  solution, trace 

j4(^t{on.-  h. p.  for  running  one  centrifugal  pump,    .  14.6  h. p. 
Total  cost  per  hr.  one  centrifugal  pump,    .        .        .         $0.76 
Cost  of  one  centrifugal  pump  (San  Francisco),  .        .       192. 

h.p.  for  running  one  mechanical  agitator,  ...  60  h. p. 
Total  cost  per  hr.  for  one  mechanical  agitator,  .        .           0.55 

Transmission-friction  for  agitation  plant  (about),  40  h.p. 

Total  cost  per  h.p-day, 0.46 
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Labor  per  day  (fl&nd  and  slime)  : 
3  shift-bosBes  on  8-hr.  shifts. 
6  natiye  tanqueros  (tank-men)  on  12-hr.  shift 
2  pump-men. 
2  separator-men. 
2  tabe-mill  men. 
2  lime-feeders. 

Vni.  Sand-Treatment — Mill  No.  2. 

The  sand,  separated  by  the  two  spitzkasten  of  the  plant,  is 
elevated  by  a  sand-wheel,  41  ft.  in  diameter,  and  flows  to  the 
sand-receivers,  which  are  nine  steel  tanks,  22  ft.  in  diameter 
and  10  ft.  in  depth. 

The  sand  is  distributed  by  Butters'  distributors,  and  settles 
promptly,  while  the  mill-water  overflows  through  slats,  carrying 
away  about  65  per  cent,  of  the  slime  contained  in  the  pulp  en- 
tering the  sand-receiver. 

Since  July  21st,  a  6-ft.  cone  has  been  placed  at  the  discharge 
of  the  sand-wheel,  and  the  coarse  sand  is  separated  and  returned 
to  the  tube-mills,  while  the  fine  sand  overflows  to  the  sand-re- 
ceivers. 

The  legend  of  Fig.  2  shows  the  diagram  of  the  average  sand 
collected  under  the  present  conditions  and  with  the  stamps 
crushing  through  25-mesh.  It  is  to  such  a  class  of  sand  that 
the  tests  hereafter  described  refer  to. 

The  specific  gravity  of  the  sand  is  2.55 ;  when  collected  in 
the  sand-receivers  it  will  settle,  leaving  40  per  cent,  of  the  total 
volume  as  interstitial  spaces.  When  the  interstitial  spaces  are 
completely  filled  with  water,  the  water  in  the  sand  is  21  per 
cent. ;  if  allowed  to  drain  for  18  hr.  the  sand  will  still  retain 
from  14  to  15  per  cent,  of  water.  The  weight  of  the  dry  sand 
settled  in  the  sand-receivers  is  160  tons  of  dry  sand  for  8  ft.  6 
in.  actual  filling. 

When  the  sand  has  been  drained  for  24  hr.,  it  receives  three 
strong  solutions,  averaging  from  0.20  to  0.80  per  cent,  of  KCN. 
Then  it  is  excavated  by  a  Blaisdell  excavator,  and  conveyed  by 
Bobins  belt-conveyors  to  the  steel  treatment-tanks,  which  are 
40  ft.  in  diameter  and  78  in.  in  depth,  66  in.  of  which  are  avail- 
able for  filling.  The  sand  is  distributed  in  these  tanks  by  a 
Blaisdell  distributor.  Each  treatment-tank  can  be  filled  to  the 
rim,  when  it  will  contain  282  tons  of  sand  at  24.5  cu.  ft.  to  the 
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ton.  During  the  treatment,  however,  the  sand  will  pack  10 
per  cent.,  and,  at  the  end  of  the  treatment,  22  cu.  ft.  of  sand 
will  weigh  one  ton. 

The  treatment  consists  in  leaching  the  sand  with  a  certain 
number  of  strong  (0.8-per  cent.)  solutions,  followed  by  a  medium 
(0.15-per  cent.)  solution,  and  finally  by  a  few  weak  (0.05-per 
cent)  solutions.  When  the  treatment  is  completed,  the  tank  is 
excavated  and  the  sand  conveyed  to  the  dump.  This  is  the  out- 
line of  the  treatment  used  up  to  August,  1905.  To  find  out 
exactly  what  happens  during  the  treatment,  one  charge  of  sand 
was  followed  closely  throughout  the  whole  process,  and  the 
results  obtained  are  given  graphically  in  Fig.  10. 

The  method  of  graphic  representation  used  is  similar  to  the 
one  already  explained  for  the  slime.  The  scale  of  the  ordinates 
(^  time)  had,  however,  to  be  reduced  to  80  hr.  per  inch,  in  the 
original  blue  prints,  which  has  been  still  fnrther  reduced  in  the 
illustrations  given  in  this  paper. 

Another  point  in  which  the  sand-diagram  differs  from  the 
slime-diagram  is,  that  each  charge  in  the  sand-treatment  tank 
is  composed  of  two  sand-receiver  charges.  The  first  part  of  the 
diagram  had,  therefore,  to  be  kept  double,  up  to  the  moment 
in  which  the  two  sand-receiver  charges  were  distributed  in  one 
sand-treatment  tank.  As  this,  however,  brought  a  confusion 
of  lines  the  data  of  per  cent  extraction,  KCN  consumption, 
etc.,  were  averaged,  considering  the  two  sand-receivers  to  be 
one  unit-charge,  not  all  parts  of  which  had  a  synchronous 
treatment. 

The  curves,  giving  the  gold-  and  silver-values  of  each  sepa- 
rate sand-receiver  charge,  are,  however,  also  given  in  dotted 
lines  in  the  first  part  of  the  diagram. 

1.  First  Preliminary  Test  (Fig.  10). — This  test  was  run  on  a 
lot  of  281  tons  of  sand,  the  composition  of  which  was  similar  to 
the  one  given  in  Fig.  2,  on  page  89. 

The  charge  was  collected  in  two  sand-receivers.  The  filling 
of  receiver  No.  1  took  20  hr. ;  the  charge  was  allowed  to  drain 
24  hr.,  then  three  washes  of  strong  solution,  amounting  to  a 
total  of  0.48  tons  per  ton  of  sand,  were  percolated  through  the 
charge.  The  filling  and  treatment  of  the  second  sand-receiver, 
No.  8,  followed  by  20  hr.  that  of  sand-receiver  No.  1,  and  were 
kept  as  similar  to  it  as  possible.     By  reason  of  a  shut-down, 
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both  sand-receivers  had  to  wait  an  average  of  48  hr.  after  re- 
ceiving the  third  wash  before  being  excavated.  At  the  182d 
hour  the  excavation  of  sand-receiver  No.  1  began,  and,  as  soon 
as  completed,  was  followed  by  that  of  No.  3.  The  amounts 
excavated  from  the  two  sand-receivers  were,  respectively,  159.8 
and  121.5  tons.  The  average  of  the  assay-value,  percentage- 
extraction,  etc.,  were  figured  out  according  to  the  relative  ton- 
nage of  the  two  sand-receiver  charges. 

a.  Gold-  and  Silver-Values. — ^The  gold-values  for  both  sand- 
receiver  charges  begin  to  decrease  as  soon  as  the  first  strong 
solution  comes  in  contact  with  the  sand,  in  a  way  similar  to 
the  one  noticed  for  the  slime,  though  the  rate  of  extraction  is 
very  much  smaller. 

A  sudden  drop  in  values  begins  to  take  place  only  at  the 
182d  hour,  at  the  moment  when  the  sand  begins  to  be  exca- 
vated, and  therefore  aerated. 

From  this  moment  on,  the  curve  representing  the  gold- 
values  assumes  again  a  marked  parabolic  shape,  the  rate  of  ex- 
traction decreasing  as  the  undissolved  gold-values  decrease. 

The  three  main  factors  in  the  rate  of  extraction  are :  the  di- 
ameter of  the  undissolved  gold  grains,  the  strength  of  the  solu- 
tion, and  the  rate  at  which  the  solutions  follow  each  other.  It 
is  very  diflicult  to  give  to  the  assay-returns  their  true  value,  as 
the  samples  for  assay  cannot  be  relied  on  as  closely  as  was  pos- 
sible with  slime.  The  curve,  therefore,  had  to  be  drawn,  fol- 
lowing closely  the  assay-return. 

We  can  notice,  however,  a  certain  drop  of  the  gold-values  at 
the  6th  wash,  probably  caused  by  the  fact  that  a  strong  solu- 
tion was  followed  immediately  by  a  weak  solution.  Any  sud- 
den change  in  the  strength  of  the  solution  will  produce  an  in- 
creased rate  of  gold-extraction.  We  see,  from  the  diagram,  that 
the  gold-extraction  was  completed  at  the  250th  hour,  and  that, 
from  that  moment,  not  one  cent  more  was  extracted  during  the 
9  following  days  of  treatment. 

The  silver  behaves  in  a  very  different  way  from  the  gold. 
We  can  say,  practically,  that  the  values  decreases  proportionally 
to  the  time,  and  independently  of  the  strength  of  the  solution  or 
any  other  factor,  though  actually,  at  the  beginning,  the  rate  of 
extraction  was  somewhat  more  rapid.  The  addition  of  lead 
acetate  to  the  charge  had  a  slight  beneficial  effect  on  the  silver. 
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b.  Values  of  Drained  Solution. — The  gold-  and  silver-values 
in  the  solution  draining  off  from  the  sand  are  represented  in 
the  diagram  by  dotted  curves. 

Naturally,  the  increase  in  value  of  the  solution  is  a  result  of 
the  extraction  from  the  sand.  It  is  worth  noticing  that  the 
maximum  of  the  values  of  the  draining  solution  always  follows, 
in  about  50  hr.,  the  cause  which  produced  an  increased  rate  of 
extraction.  In  fact,  we  can  notice  on  the  diagram  three  maxi- 
mums both  for  the  gold-  and  for  the  silver-values  of  the  solu- 
tion. The  first  and  most  important  maximum  occurs  50  hr. 
after  the  excavation  and  aeration  of  the  sand  has  taken  place, 
the  values  of  the  solution  rising  up  to  a  maximum  of  $14  gold 
and  $2  silver.  Then  the  values  drop  rapidly,  to  rise  again 
slightly  on  the  12th  day,  or  50  hr.  after  two  strong  washes, 
alternated  with  a  medium  wash,  have  been  given  to  the  charge. 
Finally,  during  the  14th  and  15th  day  we  have  again  a  rise  in 
values,  50  hr.  after  another  batch  of  strong  solutions,  following 
two  weak  solutions,  was  run  on  the  sand. 

The  reason  that  the  values  of  the  solution  follow  the  rate  of 
extraction  with  a  period  of  50  hr.  delay,  is  easily  understood 
if  we  consider  that  about  40  or  50  tons  of  solution  are  kept 
back  as  moisture  in  a  800-ton  charge  of  sand.  Each  time  we 
add  awash  of  15  tons  of  solution  on  the  top  of  the  sand-charge, 
we  shall  displace  15  tons  of  solution  which  were  previously  re- 
tained as  moisture. 

We  can,  therefore,  imagine  the  50  tons  of  moisture  in  the 
sand  to  be  retained  in  four  strata  corresponding  to  four  succes- 
sive washes,  and  each  time  we  add  a  new  wash  one  stratum  of 
moisture  displaces  the  other. 

c.  Cyanide  Solution^ — The  diagram  shows  that  the  strengths 
of  solution  used  in  the  treatment  were  most  irregular.  This 
was  done  intentionally,  in  order  to  ascertain  what  bearing  the 
strength  of  the  solution,  and  the  alternations  of  strong  and 
weak  solutions,  had  on  the  rate  of  extraction. 

d.  Conclusions. — The  test  just  described  leads  to  the  follow- 
ing conclusions : — 

1.  The  rate  of  extraction  is  dependent  upon  the  strength  of 
the  solution  and  the  speed  at  which  the  washes  follow  each  other. 

2.  The  extraction  by  strong  solution  is  small  for  the  tightly- 
packed  sand  in  the  sand-receivers. 
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8.  The  aeration  eflfected  by  excavating  the  sand  has  a  very 
great  influence  on  the  rate  of  eictraction,  at  least  for  a  certain 
length  of  time. 

4,  The  gold-extraction  will  reach  its  maximum  in  a  compara- 
tively short  time,  and  long  before  the  whole  of  the  soluble 
silver  has  been  extracted. 

5.  The  silver-extraction  will  continue  in  an  almost  straight 
line,  and  apparently  unafiected  by  the  strength  of  solution  and 
the  rate  of  washing. 

6.  Lead  acetate,  in  small  amounts,  will  not  affect  the  gold- 
extraction,  but  will  be  beneficial  to  the  silver-extraction. 

7.  Cyanide-consumption  is  rapid  during  the  first  5  days 
(56.4  lb.  of  KCN  per  24  hr.),  after  which  the  consumption  be- 
comes almost  constant  during  the  18  following  days  (10.8  lb. 
of  KCN  per  24  hr.). 

2.  Second  Preliminary  Test. — The  test  previously  described 
was  followed  by  a  second,  the  results  of  which  are  given  graphi- 
cally in  Fig.  11.  The  main  point  aimed  at  in  this  test  was  to 
see  whether  it  would  be  possible  to  increase  the  rate  of  extrac- 
tion by  excavating  the  sand  as  soon  as  it  had  received  the  first 
two  preliminary  strong  solutions,  and  then  giving  to  the  sand 
a  number  of  small  washes  in  rapid  succession. 

From  the  foregoing,  it  is  evident,  that,  for  the  sand,  the 
extraction  depends  chiefiy  upon  fine  grinding.  The  soluble 
gold  is  easily  brought  into  solution,  and  so  is  also  the  silver. 
The  only  improvement  which  can  be  made  in  the  sand-treat- 
ment is  to  reduce  expenses  and  losses,  and  to  shorten  the  time 
of  treatment  required  for  the  dissolution  of  the  values,  in 
order  to  increase  the  capacity  of  the  plant  or  to  get  more  time 
for  dissolving  the  silver  and  for  washing-out  the  dissolved 
values. 

The  diagrams  on  Fig.  11  can  be  easily  understood  after  what 
has  been  said  for  test  "T"  (Fig.  10).  The  following  facts,  how- 
ever, deserve  attention. 

The  undissolved  gold-values  show  three  marked  drops ;  the 
first,  after  the  110th  hour,  when  the  first  (3d)  solution  was  run 
on  the  sand  after  it  had  been  aerated  during  the  transfer  from 
the  sand-receivers  to  the  treatment-tank;  a  second  drop  takes 
place  after  the  ISlst  hour,  and  a  third  one  after  the  168d  hour, 
both  due  to  the  fact  that  a  strong  solution  was  followed  by  a 
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Quantitj  of  sand  treated, 
Original  assay-value,   . 


Assay-returns  marked  by  ^. 
Summary. 


Absolute  gold-extraction, 
Absolute  silver-extraction, 
Actual  gold-extraction. 
Actual  silver-extraction. 
Absolute  total  extraction, 
Actual  total  extraction. 

Assay-value  of  tails,    . 


1 


^^^  /dissolved, 

'  I  undissolved, 

.      f  dissolved, 

\  undissolved 


KCN  consumption,  per  ton  of  sand,    . 
Chemicals :  lead  acetate  per  ton  of  sand. 
Quantity  of  solution  used  per  ton  of  sand, 
Quantity  of  solution  precipitated. 
Total  time  of  treatment. 
Time  taken  for  dissolution  of  gold, 
«  Average  of  32  assays  (4  A.  T.  each). 


(1.74  X  281.6) 


281.6  tons. 
fAu.  16.84 
I  Ag.  11.73 
83.6  per  cent. 

71.0  per  cent. 
82.9  per  cent. 
69.6  percent 

81.1  percent. 

80.2  per  cent. 
$0.06 

II.  12a 
$0.02 
$0.60 
1.69  lb. 
0.22  lb. 
1.74  tons. 
489.81  tons. 
476  hours. 
196  hours. 


Gold  at  $20.67. 
Fig.  10.- 


Notes, 


Silver  at  $0.60. 

-Extraction  Test  "T''  on  Sand  at  Mill  No.  2. 
(July  1  to  20,  1906.) 
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Away-retums  marked  hj  x. 


Summary. 

Qaantitj  of  sand  treated, 236  tons. 

Original  ««y-valae {^-JJJJ 

Absolute  gold-extraction, 78.0  per  cent 

Absolute  silyer-extraction, 60.4  percent 

Actual  gold-extraction, 77.6  per  cent 

Actual  silyer-extraction, 59.7  percent 

Absolute  total  extraction, 74.9  percent 

Actual  total  extraction, 74.4  per  cent 

r  ^^   r  diasolved,  .        .        .      $0.03 

'  I  undissolved,  $1.35 

.      f  dissolved,  .  .      $0.01 

*  <>  undissolved,       .        .      $0.55 

KCN  consumption,  per  ton  of  sand, 1.54}lb. 

Quantity  of  solution  used  per  ton  of  sand, 3.1  tons. 

Quantity  of  solution  precipiUted,        .        .        .       (236  X  3.1)  731.6  tons. 

Total  time  of  treatment, 478  hours. 

Time  taken  for  dissolution  of  gold, 120  hours. 


Assay-value  of  tails. 


Notes. 


Gold  at  $20.67.    Silver  at  $0.50. 


Fig.  11.— Extraction  Test  **P"  on  Sand  at  Mii.l  No.  2. 
(August,  1905.) 
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somewhat  weaker  one,  and  then  again  by  a  third  solution  of 
the  same  strength  as  the  first  one. 

In  the  280  hr.  following  the  190th  hr.,  not  more  than  14c. 
gold  per  ton  of  sand  was  dissolved,  and  the  greatest  part  of 
it  was  dissolved  in  the  first  72  hours. 

The  silver  shows  a  fact  noticed  in  several  tests,  namely,  that 
the  extraction  begins  to  become  more  rapid  as  soon  as  the  dis- 
solution of  the  gold  is  almost  complete.  This  may  be  due 
either  to  the  fact  that  the  cyanide  will  dissolve  gold  in  prefer- 
ence to  silver  as  long  as  there  is  gold  still  to  be  dissolved 
easily,  or  to  the  fact  that  some  time  must  elapse  before  the  re- 
action, causing  the  dissolution  of  the  silver  minerals,  will 
begin. 

At  the  160th  hr.,  one-eighth  of  the  tank  was  excavated  by 
hand  to  aerate  one  portion  of  the  sand.  The  sand  was  thrown 
out  on  a  platform  and  then  returned  to  its  place.  Subsequent 
to  this  moment,  samples  were  taken  continuously  from  both 
the  re-areated  part  of  the  tank  and  from  the  untouched  part. 
The  assay-returns  (see  dotted  line  near  the  gold-curve)  showed 
that  the  renewed  aeration  caused  an  increased  rate  of  extrac- 
tion; but  such  increase  was  small,  and  after  a  few  days  the 
gold-value  of  the  sand  in  both  parts  of  the  tank  had  again  be- 
come practically  the  same.  This  operation  was  repeated  on  a 
second  tank  with  the  same  results. 

8.  Modified  treatment — In  consequence  of  the  results  given 
by  the  two  tests  described  above,  it  was  decided  to  modify  the 
sand-treatment  as  follows : — 

The  sand  collected  in  the  sand-receivers  was  allowed  to 
drain  for  24  hr.,  when  it  was  excavated  and  conveyed  to  the 
leaching-tanks  without  receiving  any  preliminary  treatment. 

The  preliminary  treatment  was  first  adopted  with  the  idea 
that  it  would  be  useful  to  have  the  sand-grains  moistened  with 
strong  cyanide  solution  at  the  moment  when  the  aeration  by 
excavating  takes  place.  Experiments,  however,  have  proved 
that  the  extraction  is  just  as  rapid  if  the  sand  is  treated  by 
cyanide  only  after  the  aeration  has  taken  place. 

On  the  other  hand,  the  preliminary  treatment  presents  two 
drawbacks.  The  first  is,  that  it  is  impossible  to  prevent  some 
of  the  strong  cyanide  solutions  used  as  preliminary  washes  to 
pass  into  the  mill-water  (see  page  86)  for  two  reasons :  (1)  the 
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drainage-plugs  and  valves  will  leak,  or  may  be  left  open  by 
mistake ;  (2)  after  excavating,  the  6-in.  filter-bed  of  coarse  sand, 
which  is  left  to  cover  the  cocoa-mat  filter,  will  retain  2.8  tons 
of  cyanide  solution  as  moisture,  which,  as  soon  as  the  sand-re- 
ceiver begins  to  receive  a  new  charge,  will  be  completely  washed 
out  into  the  mill-water. 

The  second  drawback  is,  that,  after  giving  the  preliminary 
washes,  it  is  necessary  to  lose  24  hr.  in  allowing  the  tanks  to 
drain  before  starting  to  excavate  them. 

A  second  point  in  which  the  treatment  has  been  modified  is, 
that  the  first  16  washes  given  to  the  sand  are  alternating  strong 
and  medium  washes,  and  are  followed  by  as  large  a  number  of 
weak  washes,  at  6-hr.  intervals,  as  the  capacity  of  the  plant 
may  allow  or  as  may  be  considered  convenient 

By  these  means  the  time  necessary  for  the  almost  complete 
dissolution  of  the  soluble  gold  (to  within  20c.)  has  been  at 
present  reduced  to  about  90  hr.,  while  formerly  it  took  about 
200  hr.  to  obtain  the  same  result. 

Other  tests,  not  related  in  this  paper,  also  prove  that  cyanide 
solutions,  containing  from  0.15  to  0.20  per  cent  of  KCN,  will 
give  as  good  and  as  rapid  an  extraction  as  a  0.80  per  cent  of 
KCN  solution.  Therefore,  the  strength  of  the  strong  solution 
has  been  reduced  to  0.25  per  cent  of  KCN,  with  the  result 
that  the  cyanide  consumption  has  been  diminished. 

We  may  say  at  this  point,  that,  lately,  a  large  amount  of  fine 
sand  has  been  sent  over  with  the  slime  to  the  slime-treatment 
tanks.  On  several  occasions  as  much  as  4  per  cent,  on  150- 
mesh  and  9  per  cent,  on  200-meBh  sand  was  mixed  with  the 
slime.  On  separating  and  assaying  these  sands,  after  treatment 
by  agitation  with  0.06-per  cent.  KCN  solution,  it  was  found 
that  the  extraction  from  the  sands  had  been  just  as  good  as  if 
they  had  been  leached  with  0.80-per  cent  KCN  solution  in  the 
leaching-tanks. 

Extraction-tests,  made  on  the  sand  treated  by  the  modified 
treatment,  show  that  the  curve  representing  the  gold-value  of 
the  sand  is  regular  and  continuous,  and  can  be  very  closely  rep- 
resented by  a  parabola. 

In  the  light  of  all  that  has  been  said  in  this  paper  on  the 
problem  of  extracting  the  gold-  and  silver-values  from  the  ore 
by  cyanide,  we  see  that  the  problem  chiefly  consists  in  the  me- 
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chauical  reduction  of  the  ore  to  the  finest  possible  state  of  divi- 
sion. There  are  no  serious  chemical  problems  to  be  resolved ; 
and  all  the  difficulties  are  on  the  mechanical  side.  The  treat- 
ment of  the  slime,  which,  but  a  few  years  ago,  seemed  to  pre- 
sent serious  difficulties,  is  being  gradually  perfected ;  and  the 
time  will  probably  come  when  the  sliming  of  the  ore  to  the 
maximum  point,  economically  practicable,  will  be  the  main  ob- 
ject of  a  number  of  plants,  as  at  present  it  is  at  El  Oro. 

The  itemized  cost  and  data  of  treating  the  sand  at  Mill  No. 
2,  is  given  in  Table  X. 

Table  X. — Costy  Per  7bn,  of  SandrTreatmmt  at  Mill  No.  2. 

July.  Augost. 

Separators, $0.0227  $0.0250 

Elevators 0.0400  0.0322 

Tube-mill8,a 0.2046  0.6286 

Precipitation, 0.1918  0.2430 

Conveyors, 0.0736  0.0561 

Excavators, 0.0521  0.0856 

Cyanide, .      0.3593  0.2755 

Solution-pumps,   .                         .        .               0.0141  0.0159 

Betorting  and  melting,         ....      0.0631  0.0643 

Other  items, 0.1146  0.1635 

Total, $1.1358  $1.4866 

a  Tube-Mill  No.  5  started  August  1st,  and  the  first  cost  of  14  tons  of  pebbles 
was  charged  to  the  month  of  August. 


Data  and  Sand- Treatment. 

Moisture  of  Sand :  Well  dninedj from  14  to  15  per  cent. 

Cftar^'n^;  Charge  collected  in  sand-receiver, 150  tons. 

Charge  treated  in  treatment-tanks, 285  tons. 

Time  for  collecting  300  tons, 48  hr. 

6^n^- Test;  On  100- mesh, from  8  to  12  per  cent 

Through  100-  on  200-me8h, from  60  to  65  per  cent. 

Through  200-me8h, from  20  to  28  per  cent. 

Sand'Heceivers  (nine) :  22  ft.  in  diameter  by  10  ft.  (0.25-in.  bottom,  ^-in.  body). 

Maximum  capacity, 160  tons. 

SandrTreatment  Tanks  (twelve) :  40  ft.  in  diameter  by  6.5  ft.  (J-in.  bottom,  ^-in. 
body). 

Capacity 285  tons. 

Treatment:  16  alternated  washes,  medium  and  strong,  ....      4  days. 

16  weak  solutions  (more,  if  possible), 4  days. 

Minimum  time  for  treating,  draining  and  discharging,  .  .9.6  days. 

Average  length  of  treatment, 18  days. 

Time  for  complete  gold  dissolution  (to  within  20c.),        .        .        .        90  hr. 

Time  for  complete  silver  dissolution, 17  days. 
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Average  rate  of  silver  dissolution  for  a  300-tou  charge  per  daj,  .  |16.80 
Average  rate  of  silver  after  10  days  of  treatment,   .        .  .         $6.60 

r  Weak,  .  .  from  0.03  to  0.05  per  cent,  of  KCN. 
Strength  of  solutions  •<  Medium,     .        .  from  0.10  to  0.15  per  cent  of  KCN. 

i  Strong,  .  .  from  0. 20  to  0. 25  per  cent,  of  KCN. . 
Total  tons  of  solution  per  ton  of  sand,  ....  from  2  to  8  tons. 
KCN  consumption  per  ton  of  sand, 1.5  lb. 

Assay-Values:  Values  of  heads,     .        .        .         .i  «?}^*  '«>°^  ^'^  ^  ^'^^ 

Uilver,  from  1.30  to   1.80 

Value  of  tails, f  gold,  from    1.10  to    1.80 

I  silver,  from  0.50  to    0.70 
Probable  economic  limit  to  which  the  tails       /gold,    0.90 
may  be  brought  by  fine  grinding,       .        .1  silver,  0.40 
Value  (^Solution: 

Precipitated  strong  solution,  ....    gold,  from  $0.03  to  |0. 15 

Precipitated  weak  and  medium  solution,       .        .    gold,  trace. 

Maximmn  of  solution  draining  off,        .        .       |  «^^^'  'f  °^  ^^'^  ^  '^^-^ 

I  silver,  from  0.50    to    1.50 

Lost  solution  draining  off,     ....       /gold,  from    010    to    0.35 

Uilver,  from  0.10  to    0.15 
ExoavaUtrs  and  Con/oeyors : 

Average  rate  of  excavating  sand-receivers  by  Blaisdell 

excavator,  per  hour, from  90  to  100  tons. 

Average  rate  of  excavating  per  40  ft.  of  treatment  tanks,  from  90  to  100  tons. 
Total  cost  of  excavating  (twice)  per  ton,  .        .  from  $0.05  to  $0.08 

Total  cost  of  conveying  (twice)  per  ton,        .        .        .   from   0.05  to    0.07 

IX.  Precipitation  and  Precipitates. 

1.  The  Zinc-Room, — The  gold-  and  silver-bearing  solutions, 
which  are  drained  or  decanted  from  the  treatment-tanks,  are 
collected  in  intermediate  storage-tanks.  The  tanks  receiving 
the  solutions  from  the  slime-treatment  are  provided  with  a  filter- 
bottom  to  prevent  the  slime  from  passing  into  the  zinc-boxes. 

Prom  the  intermediate  tanks  the  solutions  flow  to  a  zinc- 
room,  137  ft.  by  73  ft.,  designed  for  precipitating  the  solutions 
from  both  the  old  and  the  new  plant. 

There  are  two  rows  of  steel  boxes,  80  of  which  are  16.5  ft. 
long,  having  five  compartments;  the  available  zinc  space  of 
each  compartment  is  4  ft.  wide,  3  ft.  long  and  2  ft,  deep;  14 
other  zinc-boxes,  16.5  ft.  long,  having  6  compartments  80  in. 
by  30  in.  by  24  in.  deep,  were  obtained  from  the  9  compart- 
ment boxes  of  the  old  precipitation  plant.  All  the  boxes  are 
provided  with  0.25-in.  mesh  screens  set  4  in.  from  the  bottom. 

The  boxes  are  set  on  a  platform  at  8  ft.  from  the  floor ;  the 
precipitated  solutions  flow  into  central  launders  and  pipes 
which  lead  to  the  sumps. 
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The  boxes  are  equipped  with  bottom  discharge-valves,  which 
open  into  U-shaped  steel  launders,  leading  to  a  central  laander, 
which  empties  into  the  2  clean-up  iron  tanks,  6  ft.  square  and 
•4  ft.  deep. 

Tfie  precipitate  is  screened  before  entering  the  tanks,  and 
from  there  it  is  pumped  to  a  24-in.  Stillwell-Bierce  filter-press, 
holding  fifty  1-in.  frames. 

The  acid  treatment  is  done  in  two  redwood  tanks,  7  ft.  in 
diameter  and  4,5  ft«  deep,  lined  with  lead.  The  tanks  are 
equipped  with  mechanical  agitators,  run  by  a  3.5-h.p.  electric 
motor,  which  also  runs  a  small  blower  for  carrying-ofi^  the  acid 
fumes  through  flues. 

The  wash-water  and  precipitate  from  the  acid  tanks  are  run 
into  a  cement  sump,  7  ft.  in  diameter  and  5  ft.  deep,  and  a  4-in. 
by  6-in.  bronze  water-end  duplex  pump  forces  the  precipitate 
into  a  24-in.  Johnson  filter-press,  holding  24  frames. 

Four  steam-jacketed  drying-cars,  set  on  masonry  pillars,  are 
used  in  case  of  accident  to  the  filter-press,  from  which  it  might 
be  necessary  to  take  out  soft  cakes.  One  drying-car  on  wheels 
can  be  conveyed  to  any  point  of  the  room,  and  is  run  under  the 
filter-presses  when  these  are  opened,  so  that  the  cakes  fall 
directly  into  the  car. 

The  entire  floor  of  the  zinc-room  is  cemented  (6-in.  masonry, 
8  in.  of  concrete,  and  1  in.  of  cement),  and  slopes  from  all  sides 
to  a  cement  sump  at  the  center  of  the  room. 

On  one  side  of  the  room  are  6  melting-furnaces,  built  in  one 
row.  They  are  26  in.  in  diameter  and  4  ft.  deep ;  the  bottom 
for  a  distance  of  6  in.  tapers  down  to  19  inches.  The  furnace 
flues  open  into  a  common  flue  which  leads  to  a  large  dust- 
chamber,  10  ft.  by  5  ft.  by  21  feet.  The  stack  is  40  ft.  high,  and 
the  draught  is  helped  by  a  steam-jet  from  an  0.25-in.  nozzle. 

On  the  outside  of  the  building  is  a  track  about  10  ft.  above 
the  level  of  the  zinc-room  floor,  which  ofters  the  facilities  of 
unloading  the  zinc  shaving  directly  onto  the  floor  where  the 
precipitation-boxes  are ;  this  track  is  also  used  for  emptying  the 
sulphuric  acid  in  the  lead  storage-tank,  as  well  as  for  the  coke 
in  a  coke-bin  near  the  furnaces. 

2.  Precipitation  of  Solutions. — The  solutions  from  the  two  plants 
are  of  equal  strength,  but  the  solutions  from  the  new  plant  are 
lower  in  value,  since  a  greater  amount  is  required  to  wash  out 
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the  disBolved  values  from  the  very  fine  sand  than  from  the 
comparatively  coarse  sand  of  the  old  plant 

There  are  44  iron  precipitation-boxes,  of  which  4  are  used 
for  strong  solution  (from  0.2  to  0.8  per  cent,  of  KON),  4  for 
medium  solution  (0.1  per  cent,  of  KON),  and  86  boxes  for  weak 
solution  (0.08  per  cent,  of  KCN). 

The  average  rate  of  flow  through  the  boxes  per  cu.  ft.  of 
zinc  shavings  per  24  hr.  are :  strong  solution,  1  ton ;  medium 
solution,  1.]  tons;  and  weak  solution,  1.4  tons. 

The  precipitation  of  the  weak  solution  is  assisted  by  a  "  drip  " 
of  fresh  2.5-per  cent,  cyanide  solution  at  the  head  of  the  box, 
added  at  the  rate  of  16  lb.  of  KCN  per  24  hr.,  for  the  86  weak- 
solution  boxes. 

Practically,  all  the  precipitation  takes  place  in  the  first  8 
compartments,  the  last  one  being  intended  only  to  retain  any 
precipitate  which  might  flow  off  when  the  box  is  started  up 
after  a  clean-up.  The  fresh  zinc  in  this  last  compartment  indi- 
cates whether  the  box  is  working  properly  or  not. 

Table  XI.  shows  the  manner  in  which  the  precipitation  of 
the  gold  and  silver  takes  place  in  the  5  compartments,  as  well 
as  the  variation  of  the  strength  of  the  solutions  flowing  through 
the  compartments. 

Table  XI. — Precipitation  of  Gold  and  Silver  in  the  Zinc-Boxes. 

Precipluttlon  and  Cyanide  Consumption  in  Zinc-Boxes. 


Values  of  sol  •....]  4.M 

Cumul.  i  ext 

Strength  of  sol... ' 

Values  of  sol^ 

Cumul.  ^  ext.... 
Strength  of  sol. 
Values  of  sol  e.. 
Cumul.  f(  ext.... 
Strength  of  sol... 


1      Head 
1  IstComp. 

Head 
2d  Com  p. 

Head 
SdComp. 

Head 
4th  Comp. 

Head 
6th  Comp. 

1 

Ag. 

Au. 

Ag. 

"OzT 
0.47 
62.4 

}2?f 

Au. 

0.42 
90.8 
0.1 

Ag. 

Oz. 

0.18 
85.6 
98  JS 

Au. 

S 
0.15 
96.7 
0.1< 

Ag. 

Au. 

Ag. 

4.M 
"0.2 

OS. 

1.26 

6T 

1.14 
76.0 
0.2( 

Oz. 

0.08 
93.6 
98 )( 

S 
O.ll 
97.6 
0.1 

Oz. 
0.07 
94.4 

3.00  1  0.62 

1.00     0  26 
66.6     58.1 
0.124  ?t 

0.18  ;  0.06 

M.O     90.3 

0.172  i 

0.01  1  0.01 

99.6    |98.4 
0.116  4 

tr.    '    tr. 

100.0  1100.0 

0.112* 

0.62 



O.OJ 

0.33 

0.86 
41.8 
0.0 

0.18 
45.4 
^2i 

0.25 
59.6 
0.01 

0.17 
48.4 

0.11 
82.8 
0.0 

0.04 
87.9 
18  Jt 

tr. 
100.0 
0.0 

tr. 
100.0 

Tall 
5th  Comp. 


Au.     Ag. 

~S        OzT 

0.07     0.04 

98.4     96.8 

0.196* 

166V6  I166V6 
0.106* 


100.0  lioo.o 
0.046* 


b  Medium  Solution. 


e  Weak  Solution. 


a  Strong  Solution. 

3.  Clean-up. — When  the  solutions  are  running  regularly  the 
strong  boxes  are  cleaned  every  4  or  5  days,  the  medium  boxes 
about  every  6  days  and  the  weak  boxes  every  10  days.  If, 
for  any  reason,  any  of  the  boxes  are  not  working  properly,  the 
first  two  compartments  are  given  a  preliminary  cleaning. 
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The  general  cleaning  of  the  boxes  is  carried  out  as  fol- 
lows : — ^the  flow  is  shut  off  and  all  of  the  zinc  is  taken  out  of 
the  1st,  and  piled  up  on  the  3d,  4th  and  5th  compartments. 
The  solution  and  precipitate  are  then  drawn  out  of  the  Ist 
compartment  and  the  screen  cleaned  and  put  back.  All  the 
zinc  of  the  1st  compartment  is  then  washed  in  the  solution 
in  the  2d  compartment  and  replaced  in  the  1st.  Great  care 
is  taken  to  stretch  out  the  bundles  of  zinc-shavings  and  to 
pack  them  in  the  boxes  in  alternated  layers  running  length- 
wise and  crosswise  to  the  boxes.  By  this  arrangement  the 
solution,  flowing  through  the  zinc,  finds  everywhere  an  equal 
resistance,  and  has  no  tendency  to  channel.  The  bottom  of  the 
1st  compartment  is  packed  with  a  6-in.  layer  of  good,  firm  zinc, 
on  top  of  which  are  placed  the  zinc-shorts  that  have  been  re- 
turned from  the  clean-up  screens ;  finally,  the  balance  of  the 
space  is  filled  with  fairly  firm  zinc. 

The  other  compartments  are  treated  in  a  similar  way.  The 
zinc-shavings  are  thus  slowly  moved  fi-om  the  last  compart- 
ment towards  the  head  of  the  box,  and  the  fresh  zinc  is  always 
added  in  the  last  compartment.  Except  on  a  monthly  clean- 
up, the  last  compartment  is  left  intact  to  act  as  a  filter.  No 
precipitate  is  carried  over  if  the  boxes  are  washed  thoroughly 
and  the  precipitation  started  slowly. 

The  precipitate  is  discharged  from  the  bottom  of  the  boxes 
into  launders  and  collected  in  two  clean-up  tanks.  Before  enter- 
ing the  tank  the  precipitate  is  screened  through  a  50-mesh 
screen  divided  in  three  compartments.  The  heavy  zinc-shorts 
settle  in  the  center  compartment,  while  the  solution  and  the 
fine  precipitate  overflow  on  the  sides  and  pass  through  the 
two  other  compartments.  The  precipitate  settles  rapidly  in  the 
tank,  and  the  clear  solution  is  pumped  through  the  filter-press. 

When  all  the  boxes  are  cleaned  and  enough  precipitate  is 
collected  in  the  tank  to  make  a  "  cake,"  it  is  stirred  up  and 
the  pump  put  to  a  moderate  speed,  which  is  not  changed  until 
the  press  is  fall  with  a  hard  cake.  The  pressure-gauge  usually 
shows  about  60  pounds.  Steam  is  now  gradually  turned  into 
the  press  until  it  begins  to  blow  out  of  all  the  drainage-cocks. 
It  takes  from  0.5  to  1  hr.  to  fill  the  press,  and  0.5  hr.  to  dry  it 
out  with  steam.  The  press  is  allowed  to  cool  for  an  hour,  and 
then  it  is  opened,  the  cakes  dropping  into  the  drying-car.     If 
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the  cakes  still  contain  too  much  moisture  for  briquetting,  they 
are  further  dried,  mixed  with  flux,  then  briquetted  and  melted. 

The  zincHshorts,  which  pass  a  0.25-mesh  screen  and  are 
retained  on  the  50-mesh  screen  at  the  clean-up  tank,  are  sent 
to  the  acid  tanks,  where  they  are  kept  for  the  acid-treatment 

The  sulphuric  acid,  diluted  in  the  proportion  of  1  of  acid  to 
4  of  water,  is  added  to  the  zinc  in  small  quantities  at  a  time. 
The  mechanical  agitator  keeps  the  zinc  from  settling. 

After  all  the  zinc  has  become  dissolved,  three  or  four  washes 
of  hot  water  are  given  to  the  residues,  and  the  whole  siphoned 
into  a  small  cement  sump  or  pumped  direct  to  the  filter-press, 
as  previously  explained,  and  handled  in  the  same  way  as  the 
screened  precipitate. 

Eight  natives,  working  9  hr.,  can  clean  up  and  wash  all  the 
zinc  from  18  large  and  3  small  boxes.  In  one  operation, 
26,400  lb.  of  zinc-shavings  are  washed  by  8  men ;  the  precipi- 
tate, amounting  to  1,760  lb.,  being  handled  automatically  from 
boxes  to  drying-car. 

The  monthly  output  consists  of  about  70  bars  of  bullion, 
each  bar  weighing  1,000  ounces. 

4.  Screened  and  Acid  Precipitate. — The  screened  precipitate, 
after  coming  from  the  filter-press,  contains  about  15  per  cent, 
and  the  acid  precipitate  about  26  per  cent,  of  moisture.  The 
precipitate  is  taken  out  of  the  press  while  still  hot,  allowed  to 
dry  during  the  night,  and  then  mixed  with  18  per  cent,  of 
ground  borax-glass,  8  per  cent,  of  sodium  carbonate,  fi'om  6  to 
8  per  cent  of  sand  and  8  per  cent  of  lime. 

The  analyses  of  the  screened  precipitate  and  the  acid  pre- 
cipitate are  as  follows  :- 

Gold, 

Silver, 

Copper, 

Lead, 

TAnCf 

Silica, 

Iron,  ) 

Alaminiam,  f 

AiBenic,         ") 

Antimonj,     / 

Lime, 

Solphar,    . 

Not  determined, 


Total, 


Screened 
Precipitate. 

7.66 

Add 
Precipitate. 

4.58 

47.70 

23.99 

1.11 

L98 

4.00 

12.99 

7.79 

6.06 

n.9o 

3.03 


2.12 


0.41 


9.67 

9.22 

9.94 

n.78 

24.07 

100.00 


100.00 
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On  the  average,  the  screened  precipitate  will  yield  65  per 
cent  of  bullion,  while  the  acid  precipitate  will  yield  82  per 
cent  of  bullion,  the  lower  percentage  of  the  latter  being  largely 
due  to  the  presence  of  calcium  sulphate,  which  is  hard  to  wash 
out  entirely. 

The  copper,  which  is  contained  in  the  ore  in  very  small 
quantities,  gradually  concentrates  in  the  weak  boxes.  There 
is  never  enough  of  it  in  the  solution  to  interfere  with  the  pre- 
cipitation of  the  gold  and  silver. 

The  bullion  from  the  acid  precipitate  is  always  higher  in 
fineness  than  that  from  the  screened  precipitate,  because  the 
gold,  61  per  cent,  of  which  precipitates  in  the  first  compart- 
ment, clings  to  the  zinc-shorts  more  firmly  than  does  the  silver, 
which  precipitates  in  a  loose  form  and  is  chiefly  collected  with 
the  screened  precipitate. 

During  the  last  six  months  the  average  fineness  of  the  bul- 
lion obtained  from  the  screened  and  acid  precipitates  was : — 


Gold... 
Silver.. 


Bullion  from  Screened 
Precipitates. 

Bullion  from  Add 

Finenees. 
133.0 
767.4 

Fineness. 
193.06 
696.94 

900.4 

890.00 

Total.. 


The  analysis  of  the  bullion  gave — Gold,  12;  silver,  77.02; 
copper,  1.98;  lead,  4.46;  zinc,  32;  silica,  nil;  iron  and  alu- 
mina, 0.35;  total,  96.13  per  cent 

Briquetting  Precipitates, — The  briquettes  are  made  by  a  small 
upright  machine  rufn  by  compressed  air.  The  cylinder  is  14 
in.  and  the  briquette  mold  2J  in.  in  diameter.  Under  an  air- 
pressure  of  80  lb.  the  briquettes  are  compressed  at  a  pressure  of 
2,000  lb.  per  sq.  in. ;  but  generally  a  pressure  of  40  lb.  of  air  is 
sufficient.  In  some  cases,  if  a  higher  pressure  be  used,  the 
briquettes  will  break  in  half  when  forced  out  of  the  mold. 

The  machine  is  fed  automatically  by  a  plunger-feed,  which 
is  at  the  bottom  of  a  V-shaped  hopper.  The  briquette  is  made 
by  the  down-stroke  of  the  plunger,  and  is  returned  to  the  top 
of  the  mold  by  a  return  plunger,  which  is  connected  to  the  pis- 
ton-rod by  side  rods. 

Two  men  can  handle  the  machine  and  make  10  briquettes  a 
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minute.  Mach  experimenting  showed  that  the  best  binder  was 
8  per  cent  of  slacked  lime,  moistened  by  a  saturated  solution 
of  borax-water,  and  added  to  the  flux.  The  briquettes  do  not 
"  dust,"  even  if  they  get  chipped  in  handling.  If  borax-water 
is  used  alone  the  precipitate  must  first  be  dried.  Using  lime, 
the  precipitate  should  contain  about  10  per  cent,  of  moisture. 

Crude  petroleum  answers  fairly  well  as  a  binder,  but  it  con- 
tains carbon,  which,  during  the  melting,  reduces  zinc  and  other 
metals,  and  produces  a  base  bullion.  Briquettes,  8  in.  thick, 
average  2  lb.  in  weight. 

6*  Melting. — On  the  day  of  melting,  the  fires  are  started  by 
the  night-man  towards  5  or  6  a.m.,  and  as  soon  as  the  bottom 
of  the  crucible  becomes  dull  red  it  is  filled  with  the  damp  bri- 
quettes. In  fi'om  60  to  90  min.  the  briquettes  in  the  bottom 
begin  to  melt,  and,  as  the  charge  sinks  in  the  crucible,  fresh 
additions  are  made  as  long  as  there  is  no  danger  of  getting  the 
damp  briquettes  added  directly  into  the  molten  mass,  because, 
if  this  were  done,  the  charge  woilld  spit  and  throw  the  slag  and 
metal  out  of  the  crucible. 

The  crucibles  are  removed  from  the  furnace  by  an  air-lift. 
The  tongs  holding  the  crucible  are  suspended  by  a  bail,  hinged 
in  such  manner  that  the  crucible,  when  two-thirds  full  of  metal 
and  slag,  can  easily  be  tilted. 

It  takes  from  3.5  to  4  hr.  to  melt  down  and  pour  one  charge. 
Five  furnaces  at  one  time  are  used  for  refining  precipitate,  and 
one  for  bullion ;  and  one  man  with  two  stokers  melt  and  refine 
2,000  lb.  of  precipitate  in  10  hours.  The  bullion  and  slag  to- 
gether are  poured  into  conical  molds,  and,  after  solidification, 
the  slag  is  broken  off,  and  the  bullion  remelted  in  No.  100  and 
No.  200  crucibles,  from  which  a  dip-sample  is  taken.  The 
bullion  is  poured  into  bars,  each  weighing  about  1,000  ounces. 

7.  Slags. — The  slag  obtained  from  the  smelting  of  the  pre- 
cipitate is  sorted ;  the  center  part  of  the  slag  cones  is  remelted 
in  a  special  cupola  furnace,  while  the  outer  shell,  as  well  as  the 
slag  from  the  top  of  the  bullion  bars,  is  remelted  with  from  5 
to  10  per  cent,  of  litharge-slag  from  the  assay-ofBce.  The  slag 
so  remelted,  assaying  about  $10  in  gold,  and  from  15  to  20  oz. 
of  silver  per  ton,  is  added  to  the  charge  that  goes  to  the  cupola 
furnace. 

The  ashes,  sorted  and  screened  to  separate  them  from  pieces 
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of  coke  and  clinkers,  are  mixed  with  lime  and  water,  made  into 
cakeB  and  allowed  to  dry.  These  ash-cakes  are  also  melted  in 
the  cupola  furnace. 

The  cupola  furnace,  which  has  been  in  operation  only  a  few 
times,  is  proving  to  be  a  success ;  the  blast  used  has  been  com- 
pressed air,  but,  as  it  was  not  easy  to  control  the  fire  by  such 
means,  arrangements  are  being  made  to  use  a  small  blower. 

The  slag  from  the  fiirnace  assays  from  $3  to  $5  in  gold  value 
and  5  oz.  of  silver  per  ton.  Data  concerning  the  flue-dust  are 
not,  as  yet,  available.  A  sample  swept  from  the  floor  of  the 
dust-chamber  assayed  (210.90  in  gold  and  90  oz.  of  silver  per 
ton,  while  a  sample  of  flue-dust  from  the  chimney  of  the  old 
melting-furnaces  assayed  $372.06  in  gold  and  200  oz.  of  silver 
per  ton. 

A  part  analysis  of  the  slag  from  screened  precipitates  gave : — 
Gold,  $24.38,  and  silver,  18.0  oz.  per  ton;  copper,  trace;  lead, 
1.05;  zinc,  1.13;  silica,  20.60;  iron  and  alumina,  4.18;  and 
lime,  7.60  per  cent. 

8.  Gutting  the  Zinc. — The  zinc-sheets,  which  are  from  6  to 
7  ft.  long  and  from  3  to  4.5  ft  wide,  are  cut  on  a  machine- 
lathe.  They  are  wound  on  a  wooden  mandrel,  about  14  in.  in 
diameter  and  a  little  longer  than  the  width  of  the  sheets.  The 
lathe  is  geared  to  200  rev.  per  min.,  and  the  cutting-tool  moves 
at  a  speed  of  0.62  in.  per  minute.  One  man  and  a  boy  will 
cut  from  1,000  to  1,500  lb.  of  zinc-shavings  in  9  hours.  The 
zinc-shavings  are  stretched  out  in  beds,  and  then  rolled  up  in 
shape  of  bales  and  kept  in  stock. 

9.  Cost — ^Exact  figures  for  the  cost  of  precipitation  in  the 
new  zinc-room  are  not,  as  yet,  available. 

In  the  old  mill,  during  the  last  six  months,  the  average  num- 
ber of  tons  crushed  per  month  was  10,380  tons.  The  cyanide- 
plant  produced,  per  month,  29,859  oz.  of  bullion,  averaging  a 
total  fineness  of  889,  or  4,030.35  oz.  of  fine  gold,  and  26,633.6 
oz.  of  fine  silver. 

The  cost  of  precipitating  and  melting,  per  ounce  of  bullion 
produced,  and  per  ton  of  ore  crushed,  are : — 
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PrecipUation. 

Cost  per  Oz.  Cost  per  Ton 

<  of  Bullion.  of  Ore  Crashed. 

Labor, $0.0094  $0.0272 

Zinc, 0.0233  0.0767 

Bepains  supt  and  light,  0.0059  0.0169 

Total, $a0386 

Melting. 

Cost  per  Os. 
of  BoUioD. 

Labor, $0.0051 

Chemicals, 0.0061 

Crucibles, 0.0034 

Fnel, 0.0027 

Bepairs,  supt  power  and  light,  0.0039 

Total, $0.0212  $0.0612 

Per  Oi.  ol  Per  Ton  of 

Bullion.  Ore  Crushed. 

Zinc-consumption, 0.36  lb.  1.21  lb. 

Sulphuric  acid, 0.051b.  0.14  1b. 


$0.1208 


Cost  per  Ton 
of  Ore  Crushed, 

$0.0147 

0.0175 

0.0100 

0.0077 

0.0113 
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[TRANSACnONB  OF  THE  AMERICAN  IKSTITUTE  OF  MINING  ENGINEERS.] 


Blast- Furnace  Practice.* 

A  Discussion  of  the  papers  of  Mr.  James  Gayley,  on  *'  The  Application  of  the 
Dry-Air  Blast  to  the  Manufacture  of  Iron,"  and  of  Mr.  J.  E.  Johnson,  Jr.,  on 
''The  Phygioal  Action  of  the  Blast-Fumace,"  by  Mr.  John  Birkinbine,  Philft- 
delphia,  Pa. 

Mr.  Gatlbt  was  Dot  the  only  blast-furnace  manager  investi- 
gating the  possibilities  of  dry  air  as  applied  to  the  smelting  of 
iron-ores,  an  J I  understand  he  makes  no  claim  to  such  distinc- 
tion. It  was  my  privilege  to  be  familiar  with  some  of  the 
earlier  efforts  in  this  direction,  and  the  persistency  with  which 
Mr.  Qayley  has  followed  the  subject.  Whatever,  therefore, 
may  come  from  the  practical  application  of  dry  air,  may  be 
credited  to  protracted  investigation,  and  a  conscientious  study 
of  the  possibilities. 

This  special  feature  of  blast-furnace  economy  is  an  evidence 
of  the  general  policy  which  has  done  so  much  in  the  last  quar- 
ter of  a  century  to  make  the  smelting  of  iron-ores  more  than 
a  mere  "  rule  of  thumb."  "Within  my  professional  experience, 
the  manager  who  desired  a  greater  output  would  construct  a 
furnace  of  larger  dimensions,  and  with  more  powerful  equip- 
ment; but,  in  later  years,  improvements  have  not  been  confined 
to  physical  conditions,  but  have  resulted  from  chemical  research 
and  the  perfection  of  mechanical  appliances.  Mr.  Johnson's 
paper  is  a  valuable  contribution  to  these  researches. 
,  Former  blast-furnace  records  covered  the  number  and  size 
of  charges,  the  pressure  and  temperature  of  blast,  etc.,  as  taken 
several  times  a  day.  Now,  the  story  of  blast-furnace  operation 
is  practically  a  continuous  one.  The  chemical  composition  of 
the  ore,  fuel  and  flux  is  constantly  before  the  manager;  the 
volume,  pressure  and  temperature  of  blast  are  matters  of  con- 
tinuous record ;  and  the  conditions  at  the  top  of  the  furnace 
are,  in  some  cases,  similarly  reported  to  the  management. 

*  [Secretaby's  Notjc. — This  report  of  Mr.  Birkinbine' s  remarks  is  here 
printed  as  a  substitute  for  the  version  contained  in  the  Bi'Monihly  BvUeHn  for 
September,  1905,  p.  1151,  which  was  published  without  opportunity  of  revision 
by  him.— R.  W.  R.] 
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In  Btudying  the  operations  of  a  blast-f  arnace,  all  of  the  above 
are  of  assistance ;  for,  otherwise,  conclusions  may  be  based  on 
erroneous  data.  As  an  instance  of  this,  we  find  that  much  of 
the  irregularity  in  the  operation  of  some  of  the  larger  blast-fur- 
naces is  credited  to  the  large  amount  of  fine  ore  fed  into  them, 
an  amount  in  most  cases  certainly  more  than  was  charged  in 
earlier  practice.  But  we  omit  to  give  consideration  to  the  fact 
that,  owing  to  the  method  of  supplying  the  raw  material  to 
blastrfurnaces  through  bins,  scale  hopper-cars,  self-dumping 
skips,  double  bells,  etc.,  all  the  raw  materials  are  more  com- 
minuted by  abrasion,  and  by  dropping  from  one  receptacle  to 
another.  As  a  result,  there  is  received  at  the  top  «f  the  furnace 
not  only  fine  ore,  and  more  or  less  fine  limestone,  but  a  larger 
amount  of  finely  comminuted  coke,  which  may  become  incan- 
descent, but  cannot  be  consumed  until  the  oxygen  of  the  blast 
reaches  it;  and  this  reaction  is  so  intense  as  to  produce  explo- 
sions similar  to  those  which  occur  in  dry  coal-mines,  grain-ele- 
vators, flour-mills,  etc.,  where  finely  divided  carbon  meets  with 
a  spark  of  flame. 

Mr.  Johnson's  paper  oflfers  an  interesting  field  for  future  re- 
search ;  and  he  is  to  be  congratulated  on  the  manner  in  which 
he  has  collected  the  data  and  thanked  for  bringing  them  before 
the  Institute,  where  it  will  invite  a  wide  discussion. 
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JAMES  F.KEMP New  York,  N.  Y. 

ALBERT  R.  LEDOUX New  York,  N.  Y. 

(Terms  expire  February,  1908.) 

Council. 

President  op  the  Council. 
JAMES  GAYLEY. 

Vicb-Prbbidents  of  the  Council. 

<JEORGE  W.  MAYNARD New  York,  N.  Y. 

JULIAN  KENNEDY Pitt8BURQ,  Pa. 

CHARLES  D.  WALCOTT •. Washington,  D.  C. 

(Terms  expire  Febraary,  1906.) 

WILLLA.M  P.  BLAKE Tucson,  Ariz. 

THOMAS  F.  COLE Duluth,  Minn. 

IRVING  A.  STEARNS Wilkbs-Barre,  Pa. 

(Terms  expire  February,  1907.) 

dionntiioxB. 

FRANK  KLEPETKO New  York,  N.  Y. 

BENJAMIN  B.  LAWRENCE New  York,  N.  Y. 

HEINRICH  RIE8 Ithaca,  N.  Y. 

(Terms  expire  February,  1906.) 

F.  L.  GRAMMER Baltimore,  Md. 

JOSEPH  HARTSHORNE PonwrowN,  Pa. 

<:JHARLES  H.  SNOW New  York,  N.  Y. 

(Terms  expire  February,  1907.) 

A.  A.  BLOW Washington,  D.  C. 

FRANK  LYMAN New  York,  N.  Y. 

T.  A.  RICKARD New  York,  N.  Y. 

(Terms  expire  February,  1908.) 

Secretary  of  the  Council. 

K.  W.  RAYMOND New  York,  N.  Y. 

(Term  expires  February,  1906.) 


Blair  A  Rudd,  New  York,  N.  Y.,  Consulting  Attorneys. 


PAST   OFFICERS. 


PAST  OFFICERS. 

Presidents. 

♦David  Thomas. 1871 

E.  W.  Raymond 1872 

R.  W.  Raymond 1873 

R.  W.  Raymond .....1874 

*A.  L.  HoLLEY 1875 

*Abram8.  Hewitt 1876 

*T.  Sterby  Hunt 1877 

♦ECKLBY  B.  CoxE 1878 

♦ECKLEY  R  CoxB 1879 

♦William  P.  Shinn ..1880 

WiLLrAM  Metcalf 1881 

♦Richard  P.  Rothwell 1882 

Robert  W.  Hunt 1883 

James  C.  Bayles 1884 

Jambs  C  Bayles 1886 

Robert  H.  Richards 1886 

♦Thomas  Eolbston 1887 

WiLiJAM  B.  Potter 1888 

Richard  Pearce ; 1889 

♦ABBAMa  HEwnr 1890 

John  Birkinbine 1891 

John  Birkinbine ., 1892 

H.  M.  Howe 1893 

John  Fritz 1894 

♦J.  D.  Weeks 1895 

E.  G.  Spimbuby 1896 

♦Thomas  M.  Drown 1897 

C  KmcHHOPP 1898 

Jambs  Douglas 1899 

James  Douglas 1900 

E.  E.Olcott 1901 

R  E.Olcott 1902 

Albert  R.  Ledoux 1903 

Albert  R  Ledoux 1904 

Secretaries. 

♦Martin  Coryell 1871-1872 

♦Thomas  M.  Drown 1873-1884 

R.  W.  Raymond 1884 

Treasurers. 

J.  Pryor  Williamson 1871-1872 

♦Theodore  D.  Rand 1872-1903 

Frank  Lyman 1903 

♦  Deceased. 


HONORARY   MEMBERS. 


HONORARY  MEMBERS. 

Fbof.  Richard  Akebman. Stockholm,  Sweden. 

Andrew  Cakkeoie New  York,  N.  Y. 

Prof.  Hans  Hoefeb Leoben,  Austria. 

Prof.  Haton  de  la  GouPiLLiiiBB. Pau,  Bassea,  Pyr^^ea,  France. 

Prof.  Henri  Louis  Le  Chateijer Paris,  France. 

M.  Florib  Osmond Paris,  France. 

Prof.  Dimitry  Constantin  Tschernoff St  Petersburg,  Rossia. 

Prof.  Dr.  Hermann  Wedding Berlin,  Germany. 

Honorary  Members  (Deceased). 

BelIi,  Sir  LowTHiAN 1904 

Gasthxo,  a.  Del 1895 

CONTRERAS,  MaNUEL  MaRIA 1902 

Daubr^  a 1896 

Drown,  Thomas  M 1904 

Gaetzbchmann,  Morttz 1896 

Gruner,  L 1883 

Hunt,  T.  Sterry 1892 

EsRL,  Brxtno 1906 

Le  Gonte,  Joseph 1901 

Lesley,  J.  P. .1896 

Patera,  Adolph 1890 

Percy,  John '....1889 

PosEPNY,  Franz .1896 

Richter,  Theodor 1898 

Roberts-Austen,  W.  C 1902 

Serlo,  Albert 1898 

Siemens,  G  Williams 1883 

Thomas,  David 1882 

TuNNER,  Peter  R  von 1897 
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Corrected  to  November  15,  1905. 

THO8X  MARKED  THUS  *  ARX  1CBMBBR8 ;  MARKED  THUS  f  ^RK  ASSOCIATES.  THESE  BI0N8 
DOUBLED  INDICATE  LIFE  MEMBERS  AND  ABBOCLATES  RESPECTIVELT,  THE  FIGURES  AT  THS 
END  OF  THE  ADDRESS  INDICATE  THE  YBAB  OF  ELECTION.  KEAVT-FACED  TYPE  SI0NIFIB8 
HONORARY  MEMBERSHIP. 


*Aaboks,  JuuAN  B.,  Mine  Supt,  The  Boulder  Deep  Levelfl,  Ltd., 

Boulder,  Western  Australia, 
*Abadie,  Emile  B.,  Cons,  and  Min.  Engr.,  1004  James  Flood  Bldg., 

San  Francisco,  Gal. 
*Abbs,  CLEVBiiAND,  Jb.,  Gcol.  Aid,  U.  S.  Geological  Survey, 

Washington,  D.  a 
♦Abbott,  Ai  Abthub,  Cerro  de  Pasco  Mining  Co.,  Cerro  de  Pasco, 

Peru,  So.  America. 
♦Abbott,  Abthub  V.,  Electrical  Engr.,  Westinghouse,  Church,  Kerr  <&  Co., 

8  Bridge  St.,  New  York,  N.  Y. 
♦Abbott,  CiiAbence  E.,  Chief  Min.  Engr., 

Care  Fajal  Mine,  Eveleth,  Minn. 
♦Abbott,  James  W.,  Min.  Engr.,  Special  Agent,  Bocky  Mountain  and  Pa- 
cific Coast  Division,  U.  S.  Dept.  of  Agriculture, 

"The  New  Markham,"  Denver,  Colo. 

♦Abe,  Masayoshi,  Prof,  of  Mining,  Imperial  University Kyoto,  Japan* 

fAcKEB,  E.  O'C,  Supt.,  Treatment  Dept,  Bethlehem  Steel  Co., 

South  Bethlehem,  Pa. 

♦Adachi,  Jikzoo No.  11  ShibaPark,  Shiba-ku,  Tokio,  Japan. 

♦Adams,  Cuyleb,  Mine  Owner Duluth,  Minn. 

♦Adams,  G.  I.,  Geologist, 

Corps  of  Mining  Engineers,  Lima,  Peru,  So.  America. 
♦Adams,  Harby  C,  Vice-Prest.,  Westmoreland  Coal  Co., 

224  So.  Third  St.,  Philadelphia,  Pa. 

♦Adams,  Henry 7  Fremont  St.,  New  London,  Conn. 

♦ADABfS,  Huhtinqton,  Min.  Engr.. Hotel  Francia,  Oazaca,  Oaxaca,  Mexico. 

♦Adamb,  Mason  T 747  Fifth  Ave.,  New  York,  N.  Y. 

♦AdamSi  Randolph,  Mia.  Engr.,  General  Mgr.,  Tennessee  Copper  Co., 

Copperhill,  Tenn. 
♦Adams,  Thomas  J.,  Designer  and  Chief  Draughtsman, 

New  Jersey  Zinc  Co.,  71  Broadway,  New  York,  N.  Y. 

♦Adams,  W.  Edward,  Min,  Engr Address  wanted. 

♦Adams,  Walter  C,  Min.  Engr Yacas,  Durango,  Mexico. 

♦Adams,  William  H.,  Min.  Engr.  and  Met..  18  Broadway,  New  York,  N.  Y.. 
♦Addicks,  Lawrence,  Elect.  Engr.,  De  Lamar's  Copper  Refining  Co., 

Chrome,  N.  J. 
♦Addie,  Robert,  Min.  Engr.  and  Met,  Kennedy  <&  Addie,  Cons.  Engrs., 
Norfolk  House,  Laurence  Pountney  Hill,  London,  E.  C,  England. 
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*AXBT8EN,  GuiiiLiASM,  GenL  Mgr.,  lAtrobe  Steel  Co., 

1200  Girard  Building,  Philadelphia,  Pa.     '88 
*Aqabeg,  EdoabC,  Cons.  Min.  Engr., 

Panaria  P.  O.  yia  Sitarampore,  £.  I.  R,  Bengal,  India.     '05 
*Aoinsw,  Fbank  Van,  Mine  Assajer,  Spaeskj  Works,  Akmolinsk,  Siberia.     '04 

ttAGNEW,  Gbobqb  B 22  William  St,  New  York,  N.  Y.    '03 

*AoNsw,  James  C,  Asst  Mgr. ,  Mahoning  Ore  &  Steel  Co.,  Hibbing,  Minn.    '04 
*Agkew,  William  C,  Genl.  Mgr.,  Mahoning  Ore  and  Steel  Co., 

Hibbing,  Minn.     '00 

*AaniLAB  PoNCiANO,  Min.  Engr Estrella,  Gaanajuato,  Mexico.     '01 

*AoniLEBA,  Pedro  T.,  Cona.  Engr Santiago  de  Cuba,  Cuba.     '05 

*Ahbb,  Frederic  B.,  Min.  Engr Box  280,  Ambridge,  Pa.    '97 

*Ahi£R,  Philippe  D.,  Mgr.,  The  Idaho- Alamo  Cons.  Mines,  Ltd., 

Three  Forks,  B.  C,  Canada.     '04 
*Ahler8,  Rudolph  O.,  Min.  Engr.,  The  Red  Lodge, 

Mitcham,  Surrey,  England.     '99 

*Ahlbb,  Robert  L.,  Prest,  Basic  Iron  Ore  Co Buttzville,  N.  J.     '02 

Ikermaii)  Prof.  Rlehard,  Director  Genl.  and  Chief  of  the  Swedish  Board 

of  Trade,  34  Kungsgatan,  Stockholm,  Bweden. 
*AKKBfi,  William  A.,  Min.  Engr., 

519  Guaranty  Trust  Bldg.,  El  Paso,  Texas.     '89 
*  Alabaster,  Rupert  C,  Met., 

28  Dawson  Place,  Bayswater,  London,  England.    '05 
*Alatorre,  Rafael  F.,  Mine  Mgr., 

Apartado  99,  Pachuca,  Hidaldo,  Mexico.     '04 
*Alberoeb,  Louis  R.,  Mech.  Engr.,  Prest.,  Alberger  Condenser  Co., 

95  Liberty  Street,  New  York,  N.  Y.     '99 

♦Albert,  Herman  H.,  Min.  Engr Address  wanted.    '04 

*Alda80R0,  Andr^,  Min.  Engr.,  etc.,  Subsecretario  del  Ministerio  de  Fo- 
mento  Colonizacion  4  Industris,  Ministerio  de  Fomento,  Av.  Balde- 

ras,  No.  1026,  Mexico  City,  Mexico.     '02 

♦Aldrich,  Trumak  H.,  Min.  Engr.,  Coal  Operator Birmingham,  Ala.    '78 

*Aldrich,  Truman  H.,  Jr.,  Min.  Engr.  and  Coal  Operator,  Aldrich 

Mining  Co.,  406  Woodward  Bldg.,  Birmingham,  Ala.     '96 

*Aldrich,  William  F.,  Prest.,  Coal  Mining  Co Aldrich,  Ala.     '81 

*Aldridoe,  Walter  H.,  Chief  of  Min.  and  Met.  Dept, 

Canadian  Pacific  Ry.,  Trail,  B.  C,  Canada.     '89 
*Alexander,  Curtis,  Met., 

Care  Compania  Metalurgica  Mexicania,  Apartado  132, 

San  Luis  Potosi,  Mexico.     '84 
^Alexander,  George  E.,  Chemist  and  Met... 2739  E.  Colfax,  Denver,  Colo.    '01 

'Alexander,  Henry  B.,  Mine  Mgr Kaslo,  B.  C,  Canada.    '97 

♦Allan,  John  F.,  Cons.  Min.  Engr., 

Cia  de  Rio  Tinto,  Ltd.,  Calle  de  Valenzuela  No.  4,  Madrid,  Spain.    '90 

•Allan,  Leigh,  Min.  Engr. 418  W.  2d  South  St.,  Salt  Lake  City,  Utah.     '99 

**Allan,  Thomas  A. ,  Care  Fergus  Allan,  Mina  Mexico,  El  Oro, 

Tultenango,  Est  de  Mexico,  Mexico.     '95 
*Allderdice,  Taylor,  3d  Vioe-Prest,  National  Tube  Co., 

1711  Frick  Bldg.,  Pittsburg,  Pa.     '92 
♦Allen,  Anbon  W.,  Supt.,  Steel  Dept.,  A.  and  P.  Koberto  Co.,  Pencoyd,  Pa.    '87 

♦Allen,  James,  Min.  Engr. Clyde  Street,  Dunedin,  New  Zealand.    '89 

♦Allen,  John  H.,  Met  ....Knox  &  Allen,  82  Beaver  St.,  New  York,  N.  Y.     '84 
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*AxLEN,  RoBEBT,  Met.,  Care  A.  K  Morgan,  293  St.  George's  Terrace, 

Perth,  Western  Australia.     '98 

♦Allen,  Thbophilus,  Mine  Mgr 1005  Bryant  St.,  Palo  Alto,  Cal.    '94 

♦Allek,  Walteb  W.,  Cons.  Engr., 

Room  1307-24  Broad  St,  New  York,  N.  Y.     '86 

♦Allison,  Robert,  Retired  Mnfr.  Mining  Machinery Port  Carbon,  Pa.    '86 

♦Almy,  William  F.,  Min.  Engr., 

Room  315,  Trost  Bldg.,  60  State  St,  Boston,  Mass.    '80 

♦Althousb,  Harry  W.,  Min.  Engr Pottsville,  Pa.     '02 

♦Ambrobius,  Carl  E.,  Mine  Owner,  Ambrosius  Hermanos, 

Guanacevi,  Durango,  Mexico.     '99 
♦Ambrosius,  Julius  R.,  Mine  Operator, 

Apartado  No.  78,  Merelia,  Michoacan,  Mexico.    '99 
♦Amspbn,  Frank  F.,  Mngr.,  Paxton  Furnaces,  Central  Iron  and  Steel  Co., 

Harrisburg,  Pft.     '87 
♦Amsden,  Otto  B.,  Min.  Engr.,  Supt,  Clover  Leaf  Gold  Mining  Co., 

Roubaix,  So.  Dakota.    '98 
♦♦Amy,  Ernest  J.  H.,  Banker,  Care  BL  Amy  &  Co., 

44  Wall  St,  New  York,  N.  Y.     '85 
♦Ancellb,  Charles  E.  A.,  Civ.  Engr., 

Care  M.  Julhiet,  52  William  St,  New  York,  N.  Y.     '02 
♦Andersen,  Carl,  Min.  Engr.,  Genl.  Supt  and  Managing  Engr., 

Nevada  Keystone  Mining  Co.,  Sandy,  Nev.     '97 

♦Anderson,  Albert  J.,  Min.  Engr 702  7th  St,  Petaluma,  CaL     '03 

♦Ai^DERSON,  Axel  E.,  Min.  Engr.,  Care  Zeigler  Coal  Co Zeigler,  111.     '04 

♦Anderson,  Frank,  Min.  Engr.,  U.  S.  Deputy  Mineral  Survey,  Utah  and 

Nevada,  7  Masonic  Bldg.,  Salt  Lake  aty,  Utah.    '96 
♦Anderson,  J.  K.,   Civ.  and  Min.  Engr.,  Asst.  Engr.,  Pocohontas  Coal 

and  Coke  Co.,  Bramwell,  W.  Va.     '99 
♦Anderson,  John  Wilkinson,  Civ.  and  Min.  Engr.,  Guyandot  Lend 

Association,  Dunlow,  West  Va.     '02 
♦Anderson,  Martin  L.,  Mine  Foreman,  Care  Liberty  Bell  Gold  Mining  Co., 

Telluride,  Colo.    '02 
♦Anderson,  Robert  Hay,  Cons.  Min.  Engr.,  la  Independencia  No.  9, 

Mexico  City,  Mexico.    '95 
♦Anderson,  R  Wilson,  Met.  Engr.  and  Supt.,  Open  Hearth  Furnace, 

Carbon  Steel  Co.,  Pittsburg,  Pa.    '96 
♦Anderson,  William  P.,  Ferro-Concrete  Cons,  and  Mining, 

46  Mitchell  Bldg.,  Cincinnati,  O.     '01 
♦♦Andrew,  Thomas,  Min.  Engr.,  Mgr., 

Kalfontein  Diamond  Mines,  Ltd.,  Pretoria,  So.  Africa.     '94 
♦Andrewes,  Edward,  Maen  Offeren  Slate  Quarry  Co., 

Portmadoc,  N.  Wales,  Great  Britain.     '01 
♦Anthony,  R.  G.  Stanley,  Min.  Engr.,  Care  E.  V.  Pierce, 

The  Hollis  Hayle,  Cornwall,  England.    '00 

♦♦Antz,  Eugene,  Met Cuprum,  Idaho.    '99 

♦Appleby,  William  R.,  Dean  of  the  Minnesota  School  of  Mines  and  Prof. 

of  Met,  School  of  Mines  Bldg.,  State  University,  Minneapolis,  Minn.    '90 

♦  Archbald,  Jam  bs,  Cons.  Engr. 424  Jefferson  A  ve. ,  Scran  ton.  Pa.    '87 

♦Archibald,  Charles 32  Inglis  St.,  Halifax,  Nova  Scotia.    '86 

♦Archibald,  Munroe P.  O.  Box  25,  Truro,  Nova  Scotia.     '98 

♦Arents,  Albert 561  Railroad  Avenue,  Alameda,  Cal.    '82 
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^^AbgaIiL,  Joseph,  Min.  Engr.,  Iron  Mast  Mine,  Eamloops,  B.  C,  Canada.    '03 
*Aroali.,  Philip,  Min.  Engr.  and  Met,  728-732  Majestic  Bldg., 

Denver,  Colo.    '92 
*Abi.btt,  George  H.,  Min.  Engr.  and  Met, 

Apartado  159,  Chihuahua,  Mexico.    *00 
*Armab,  Miltiades  Tn.yCons.  Min.  Engr.,  Qen.  Mgr.,  La  Paz  Mining  Co., 

Cassilla  No.  8,  La  Paz,  Bolivia,  So.  America.  '96 
**Arm8tbad,  Henry  H.,  Jr.,  Min.  Engr.,  21 W.  Slst  St,  New  York,  N.  Y.  '00 
^Armstrong,  Harley  J.,  Assayer  and  Chem., 

Care  Bourne  Gold  Mining  Co.,  Bourne,  Ore.    '03 
^Armstrong,  John  O.,  Cons.  Engr.,  Genl.  Mgr.,  The  Crowl  Creek 

Mining  Co.,  Shuttleton,  New  South  Wales,  Australia.    »94 
^Armstrong,  Thomas,  Mineral  Draughtsman, 

Surveyor  General's  Office,  Phoenix,  Ariz.    *96 

*Arnaud,  Georges 56  rue  Bunnequin,  Paris,  France.     *91 

*Arnberg,  C.  T.,  Supt,  Steel  Dept,  Wheeling  Steel  and  Iron  Co., 

Wheeling,  W.  Va.    '81 

*Arnoij),  Leo  F.,  Min.  Engr 1426  Montana  St,  Chicago,  111.     *05 

^Arozarena,  Bafael  M.  db,  2da  Calle  de  las  Estaciones  Esquina  del 

Encino,  Mexico  City,  Mexico.     '98 

•Arthur,  Edward  P.,  Jr. Bi-Metallic  Bank,  Cripple  Creek,  Colo.    *97 

•AsHiiBY,  George  H U.  S.  Geological  Survey,  Washington,  D.  C.    '  99 

•Ashley,  H.  H.,  Prest Parrish  Coal  Co.,  Wilkes-Barre,  Pa.    '94 

•Abhhors,  Ernest  P.,  Cons.  Min.  and  Met.  Engr., 

Care  Genl.  Mgr.,  Porsa  Copper  Mines,  Porsa,  Finmarkin 

(near  Ha  mmerfest),  Norway.     '00 
•*Ashmore,  G.  Percy,  Cons.  Min.  and  Met  Engr., 

13  Calle  Audienca,  Caceres,  Spain.     '97 
**AsHT0N,  Frank,  Min.  Engr.,  Consuelo  Mining  and  Milling  Co., 

Dolores,  Chihuahua,  Mexico.     '00 

*A8TiJCY,  John  W.,  Le  Roi  Mining  Co.,  Ltd. Bossland,  B.  C,  Canada.     '91 

*Atha,  Benjamin,  Prest,  Benj.  Atha  Co.  (Crucible  Steel  Co.  of  America), 

Newark,  N.J.    '84 
**Atherton,  T.  W.  T.,  Chief  Min.  Engr.,  Ivory  Coast  Mining  Corporation, 

29  Broad  St  Ave.,  London,  E.  C,  England.    '92 
♦Atkinb,  William,  Treas.,  Eingwood  Coal  Co., 

1208  North  American  Bldg.,  Philadelphia,  Pa.    '81 

♦Atkinson,  Louis  W.,  Min.  Engr Supt.  Marmet  Co.,  Marmet,  W.  Va.    '94 

•♦Attwood,  G.,  Cons.  Min.  and  Civ.  Engr.,  13  Sise  Lane, 

Queen  Victoria  St,  London,  E.  C,  England.    '75 

•Atwater,  Christopher  G.,  Supt,  Coke  Ovens. Chadd's  Ford,  Pa.    '03 

*Atwatbr,  Bichard  M.,  Jr.,  Cons.  Min.  Engr.,  Gold  Block,  Helena,  Mont    '97 
*Ax7Bi7RY,  Lewis  E.,  State  Mineralogist  of  California, 

Ferry  Bldg.,  San  Francisco,  Cal.    '00 
*AuBR,  Charles  I.,  Assayer  and  Chem.,  3407  Burner  Ave., 

Avondale,  Cincinnati,  Ohio.     '04 
*Aij8Tin,  Albert  M.,  Mgr.,  San  Francisco  Mine.. ..Llano,  Sonora,  Mexico.     '06 

*Axj8nN,  J.  B.,  Min.  Engr .^ Santo  Barbara,  CaL    '83 

** Austin,  Kenneth,  Cons.  Engr.,  36  St  James  Mansions,  West 

Hampstead,  London,  N.  W.,  England.     '97 
*AxJ8TIN,  Leonard  S,  Professor  of  Metallurgy,  Michigan  College  of  Mines, 

Houghton,  Mich.     '94 
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♦Austin,  Peter  T.,  Chem.  Expert 89  Pine  St,  New  York,  N.  Y.    '05 

**Au8TiK,  T.  S.,  GenL  Sapt,  Boathern  Dept, 

American  Smelting  &  Refining  Co.,  Aguascalientes,  Mexico. 

*Au8TiK,  W.  Lawrence 167  Columbia  Heights,  Brooklyn,  N.  Y. 

tAvBRY,  Colby  M.,  firiquetting  £ngr.,  Chisholm,  Boyd  &  White  Co., 

67th  and  Wallace  St8.,  Chicago,  His. 
*AvBRY,  John,  Mine  Operator,  Tongio,  West  Gippsland,  Victoria,  Australia. 

*Ayer8,  Frederic  G 16  Weymoath  St,  Adelaide,  South  Australia. 

fAYREs,  Emma  L.  C Bound  Brook,  N.  J. 

*Ayreb,  W.  S.,  Min.  and  Mech.  Engr.,  C.  P.  R.  R.  Mining  Dept, 

Banff,  Alberta,  Canada. 
♦Ayton,  Ernest  F.,  Gen.  Mgr.,  The  Parral  Mines,  Ltd., 

Santa  Barbara,  Chihuahua,  Mexico. 

♦Babbitt,  Thomas  D.,  Min.  Engr Address  wanted. 

♦Bache,  Franklin,  Min.  Engr.,  Prest,  McAlester  Coal  Co., 

Fort  Smith,  Ark.,  and  505  Land  Title  Bldg.,  Philadelphia,  Pku 

*Bachman,  Davtd  I Keystone,  W.  Va. 

*Bachman,  F.  E.,  Qen\.  Mgr.,  Northern  Iron  Co Port  Henry,  N.  Y. 

*Bacon,  Don  H.,  Chairman  and  Prest.,  Tennessee  Coal,  Iron  &  R.  R.  Co., 

100  Broadway,  New  York,  N.  Y. 
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♦Borrow,  Frank  K.,  Min.  Engr.. 38  Nevem  St.,  London,  S.  W.,  England.  '01 
♦Bosch,  Anton,  Met  Engr.,  Care  Herbert  Haas,  218  California  St., 

San  Francisco.  Cal.  '02 

♦Bosoo,  Francis  W.,  Chem.,  A8sayer...l932  So.  Sherman  Ave.,  Denver, Colo.  '02 

♦BosQUi,  Francis  L.,  Met  Engr 531  California  St,  San  Francisco,  Cal.  '97 

♦BosTWiCK,  William  A.,  Met  Engr Carnegie  Steel  Co.,  Pittsburg,  Pa.  '06 

♦Bottomley,  H.,  Deputy  Inspector  of  Mines, 

Rand  Club,  Johannesburg,  Transvaal,  So.  Africa.  '02 
♦Botbford,  Robert  S.,  Min.  Engr.,  Care  Thomas  Meadows  &  Co., 

35  Milk  St,  London,  E.  C,  England.  '05 

♦Bouchelle,  John  F.,  Min.  Engr 80  Murray  St.,  New  York,  N.  Y.  '05 

♦*BouoHER,  Arthurs.,  Min. and  Civ.  Engr.,  Sharpdiffe  Hall,  Ipstones, 

Staffordshire,  England.  '94 
♦Boutwell,  John  M.,  Min.  Geol.  U.  S.  Geological  Survey, 

Washington,  D.  C.  '04 

♦BowDEN,  James  E 423  Elizabeth  St,  Denver,  Colo.  '02 

♦Bowden,  Josiah  J.,  Mill  Supt,  Penobscot  Mining  Co....Marysville,  Mont  '01 
♦BowEN,  Herbert  P.,  Min.  Engr.,  Assay er  and  Mine  Surveyor, 

Douglas,  Ariz.  '04 

♦Bower, Charles  P.,  Civ.  Engr 520  Walnut  St,  Reading,  Pa.  '94 

♦Bowie,  Alexander,  G^nl.  Mgr. ,  Caledonian  Coal  Co.,  Gallup,  New  Mexico.  '90 

fBowLES,  Henry  Thornton 35  Wall  St,  New  York,  N.  Y.  '02 

♦BowRON,  Charles  E.,  Min.  Engr.,  Ramsay  &  Bowron.... Birmingham,  Ala.  '93 

*BowRON,  Jaaceb 1401  So.  Twentieth  St,  Birmingham,  Ala.  '78 

♦Bowron,  William  M.,  Cons.  Engr Chattanooga,  Tenn.  '05 

♦Boyd,  Augustus  W.,  Min.  Engr.,  Supt,  American  Consolidated  Gold 

Mining  Co.,  Ltd.,  Elk  City,  Idaho  Co.,  Idaho.  '01 
fBoYD,  Frederick  J.,  Waters  Pierce  Oil  Co.,  2^  de  San  francisco  Num.  11, 

Apartado  34,  Bis,  Mexico  City,  Mexico.  '02 

»BoYD,  John  Y.,  Prest,  Tyrone  Iron  Co 222  Market  St.,  Harrisburg,  Pa.  '86 
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*BoYD,  Thornton  M.,  Aflsajer, 

Tasmania  Redaction  Works,  Beaoonsfield,  Tasmania. 

•Boyd,  William  Sfrott,  Min.  Engr Instracted  to  hold  all  mail. 

•BoYLEy  Emmiet  D.  ,  Mine  Supt,  North  Rapidan  €k>ld  and  Silver  Mining  Go. , 

Dayton,  Nev. 
•Boyle,  James  L.,  Mining  and  Tank  Manufacturer, 

607  Clarondelet  St.,  Los  Angeles,  Gal. 
•BoYNTON,  A.  J.y  Asst  Supt,  Blast  Furnaces,  National  Tube  Go., 

218  East  5th  St,  Elyria,  Ohio. 
fBoYirroN,  Henby  G.,  Instructor  in  Metallurgy, 

23  Ellsworth  Aye-,  Gambridge,  Mass. 
•BoYT,  John,  Asst  Supt,  Blast  Furnaces  of  Maryland  Steel  Go., 

Sparrows  Point,  Maryland. 
•Braden,  William,  Min.  Engr.,  Gare  Braden  Gopper  Go., 

Graneros,  Ghili,  South  America. 
•Bradpobd,  Bobbbt  H.,  Prof,  of  Metallurgy,  Genter  Ward, 

Salt  Lake  Gity,  Utah. 

••BsADFOBD,  Seymoub  K.,  Giv.  and  Min.  Engr. Tonopah,  Nevada. 

•Bradford,  Waoer,  Mine  Mgr.,  Langlaagte  Deep,  Ltd., 

Box  1056,  Johannesburg,  Transvaal,  So.  Africa. 

•Bradley,  Durbin  H.,  Jr.,  Min.  Engr Parral,  Ghihuahua,  Mexico. 

••Bradley,  Frederic  W.,  Min.  Engr.,  Prest.,  Bunker  Hill  and  Sullivan 

M.  &  G.  Go.,  etc.,  Grocker  Bldg.,  San  Francisco,  Gal. 

•Bradley,  George  L 1503  Twenty-first  8t,  N.  W.,  Washington,  D.  G. 

(Summer  address,  Pomfret  Gentre,  Gonn.) 
•Bradley,  John  G.,  Grenl.  Supt,  Pratt  &  Letchworth  Go., 

189  Tonawanda  St,  Bu£Falo,  N.  Y. 
••Bradley,  Philip  R,  Min.  Engr., 

Georgetown,  British  Guiana,  South  America. 
•Bradley,  Richard  J.  H.,  Min.  Engr., 

Care  Bradley,  Ford  &  Go.,  42  Broadway,  New  York,  N.  Y. 

•Bradley,  Walter  Wadsworth,  Min.  Engr '. Bodie,  Gal. 

•Bradshaw,  Frederick,  Mine  Mgr.,  Santo  Domingo  Silver  Mining  Go., 

Batopilas,  Ghihuahua,  Mexico. 

•Brady,  James,  Min.  Engr Gblden,  East  Kootenay,  B.  G.,  Ganada. 

•Brady,  Leok  H.,  Min.  Engr.,  Gare  American  Smelting  &  Eefining  Go., 

Asientos,  Aguascalientes,  Mexico. 
••Brandes,  Juan  Felix,  Gons.  Min.  Engr.....  11 60  Bace  St,  Denver,  Golo. 
•Branner,  John  G.,  Prof,  of  Geology  and  Vice-Prest., 

Leland  Stanford  University,  Stanford  University,  Gal. 
•Brasohi,  Victor  M.,  Engr.  and  Gontractor,  Calle  de  Gadena  No.  2, 

Apartado  830,  Mexico  Gity,  Mexico. 
•Brassert,  H.  a.,  Supt.,  Blast  Furnaces,  Illinois  Steel  Go., 

South  Ghicago,  111. 

•Breakell,  Thomas,  Min.  Engr Brassington  near  Derby,  Tasmania. 

•Brebk,  James Spokane,  Wash. 

•Breisch,  Ernest  E.,  Min,  Engr Moundsville,  W.  Va. 

•Breitunq,  Edward  N.,  Mine  Mgr.,  Savings  Bank  Bldg.. Marquette,  Mich. 

•Brendel,  Robert,  Genl.  Supt.  of  Mines,  M.  Guggenheim  Sons,  of  New  York, 

2^  Independencia  No.  1,  Aguascalientes,  Mexico. 

•Brennon,  John  G.,  Min.  Engr.,  Vice-Prest  and  Genl.  Mgr.,  Ajnchitlan 

Mining  <&  Milling  Go.  of  S.  A.,  Ahorcado,  Queretaro,  Mexico. 
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**Bbet,  Jbav  lb 57  Ayenne  ly  Aniin,  Paris,  France.  '98 

*Bretherton,  George  K.,  German- American  Mining  Co Vivian,  Ari&  '00 

**Bbbtherton,  S.  R Ingot,  Cal.  *89 

*Brethebton,  Wallace  R,  Chem.,  Care  Great  Western  Gold  Co., 

Ingot,  Cal.  >05 
*fiBETHEBTOH,  WALTER  L.,  GenL  Mgr.,  Clark  Coal  Co., 

Clarkville,  New  Mexico.  '87 
*Brett,  Alfred  J.,  Surveyor,  Athenaenum  Club, 

Johannesburg,  Transvaal,  So.  Africa.  '02 
**Bbjbwer,  Arthur  E.,  Met,  Supt,  Cia.  Minera  Fundidora  y  Afinadora 

**  Monterey,"  Monterey,  Mexico.  '97 

fBREWER,  Robert  Edward,  Student 320  Marlboro  St,  Boston,  Mass.  '02 

*Brewsr,  William  M .^P.  O.  Box  571,  Victoria,  B.  C,  Canada.  '98 

*Bridoe,  Samxtel  D.  ,  Assayer  and  Chem. . ..  Apartado  50,  Monterey,  Mexico.  ' 01 

*BrioG6,  Bobwell  E.,  Civil  Engr Calle  Gante  8,  Mexico  City,  Mexico.  '01 

*Brio<»,  William  A.  J.,  Assayer  and  Surveyor Zeehan,  Tasmania.  '08 

^Briostocke,  Robert  W.,  Mine  Supt,  Drummond  Mines,  Ltd., 

Haileybury,  Ontario,  Canada.  '05 

*Brill,  Joseph  W.,  Mine  Mgr Apartado  47,  Oaxaca,  Oaxaca,  Mexico.  '05 

**Brikell,  Johan  a..  Chief  Engr. Jemkontoret,  Stockholm,  Sweden.  '98 

*Bbinkbr,  Arthur  C,  Min.  Engr.,  Care  Camp  Bird,  Ltd Ouray,  Colo.  '01 

**Brinsmade,  Robert  B.,  Constructing  Eogr.,  Rossi  Iron  Ore  Co., 

Spragueville,  N.  Y.  '99 
**Britt,  Richard  H.,  Mine  Mgr.,  Poorman  Gold  Mining,  Ltd., 

Silver  City,  Idaho.  *98 
♦♦Britten,  Thomas  J.,  Wolhuter  Gold  Mining  Co., 

Johannesburg,  Transvaal,  So.  Africa.  '95 
♦Broad,  Wallace,  Geol.  and  Min.  Engr.,  Care  John  Birch  &  Co.,  Ltd., 

3  London  Wall  Bldgs.,  London,  E.  a,  England.  '01 

♦Brock,  Arthur.. Lebanon,  Pa.  '87 

♦Brock,  Charles,  Prest,  Boonton  Iron  and  Steel  Co Boonton,  N.  J.  '81 

♦Brook,  Reginald  W.,  Geol.  School  of  Mining.. Kingston,  Ontario,  Canada.  '04 
♦Brockunier,  Samuel  H.,  Min.  Engr.,  Secy.,  Kaaterskill  Paving  Brick  Co., 

CaUkill,  N.  Y.  '00 

♦♦Brodie,  Walter  M.,  Min.  Engr.  and  Met Chihuahua,  Mexico.  '72 

♦Bromly,  Alfred  H.,  Min.  Engr.,  Care  A.  J.  Kappele,  537  Haskins  St, 

Vancouver,  B.  C,  Canada.  *97 
♦Brook,  Henry  E.  C,  Mine  Mgr.,  Great  Lucknow  Consols,  Ltd., 

Cadia,  via  Orange,  New  South  Wales,  Australia.  '04 

♦Brooke,  Robert  E.  ,  Treas.,  E.  &  G.  Brooke  Iron  Co Birdsboro,  Pa.  '02 

♦♦Brooke,  Henry,  Supt ,  Ephraim  Creek  Coal  &  Coke  Co.  ..Thayer,  W.  Va.  '03 
♦♦Brooks,  Alfred  H.,  Gteol.,  U.  S.  Geological  Survey, 

In  charge  of  Alaskan  Mineral  Resources,  Washington,  D.  C.  '00 

♦Brooks,  John  McM.,  Jr.,  Min.  Engr Rolla,  Mo.  '04 

♦Brooks,  Raymond,  Care  Doane  Mine Rambler,  Wyo.  '05 

♦Brofhy,  James,  Mine  Operator,  Gare  McDowell  <&  Co... ..Kimball,  W.  Va.  '01 
♦Brown,  Alden  H.,  Mine  Supt.,  Wano  Mining  and  Development  Co., 

Jamestown,  Colo.  '03 
♦Brown,  Alexander  E.,  Vice-Prest.  and  Genl.  Mgr., 

Brown  Hoisting  Machinery  Co.,  Cleveland,  Ohio.  '75 
♦♦Brown,  Amos  P.,  Prof,  of  (Jeology  and  Mineralogy, 

University  of  Pennsylvania,  Philadelphia,  Pa.  '88 
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**BaowN,  Archibald  T.,  Ck>n8.  Mia..£ngT.,  872  Fiinu.,  (^ 

Melbourne,  \;^^ia,  Australia.    '91 
*Bbown,  Arthur  H.,  Met  and  Chem.,  Daly  Reduction  Co., 

Hedley,  B.  C,  Canada.    '02 
♦Brown,  Austin  H.,  Min.  Engr.  and  GenL  Mgr.,  Trinity  Copper  Co.,  eta, 

Kennett,  Shasta  Co.,  Cal.    '92 
*Brown,  Cont  T.,  Mgr.,  Mine  Development  Association, 

Socorro,  New  Mexico.     *00 

tBROWN,  Davenport,  Min.  Engr 144  Oliver  St,  Boston,  Mass.     '02 

*Brown,  Donald  C,  Asst  Grenl.  Mgr.,  Compania  Metalurgica  Mexicana, 

Apartado  132,  San  Luis  Potosi,  Mexico.     '01 
♦Brown,  Douglas  P.,  Min.  Engr., 

Whitehouse,  Northallerton,  Yorkshire,  England.     '03 
*Brown,  Edward  L.,  Treas.  and  Supt.,  Chicago  Drop  Forge  and  Foundry  Co., 

Kensington,  111.    '81 

♦Brown,  E.  Percy,  Min.  Engr Bridgewater,  Nova  Scotia.    '98 

♦Brown,  Elwin  F Qenl.  Mgr.,  Pewabic  Co.,  Iron  Mountain,  Mich.    '91 

fBROWN,  Fayette,  Prest  of  Manufacturing  Cos., 

Perry-Payne  Bldg. ,  Cleveland,  Ohio.  '75 
♦Brown,  Frederick  C,  Genl.  Mgr.,  Komata  Beefs  Gold  Mining  Co.,  Ltd., 

Komata,  via  Paeroa,  Auckland,  New  Zealand.    '00 
♦Brown,  Harvey  H.,  Mfr.,  Harvey  H.  Brown  &  Co.,  301  Perry- Payne 

Bldg.,  Cleveland,  Ohio.    '76 
♦Brown,  Horace  F.,  Min.  and  Mech.  Engr., 

325  Montgomery  St,  San  Francisco,  Cal.     '95 

♦Brown,  L.  Blanch ard,  Min.  Engr Union  Club,  New  York,  N.  Y.    *03 

fBROWN,  Lewis  V.,  Mgr.,  Blast  Furnace Star  Furnace  Co.,  Jackson,  Ohio.    '90 

♦Brown,  Raymond  B.,  Vice-Prest  and  Genl.  Mgr., 

Duquesne  Reduction  Co.,  Pittsburg,  Pa.     '95 
♦Brown,  R.  Oilman,  Cons.  Engr.,  Vice-Prest  and  Genl.  Mgr., 

Standard  Consolidated  Mining  Co.,  310  Pine  St.,  San  Francisco,  Cal.    '89 
♦Brown,  Thomas  E.,  Cons.  Engr., 

Care  Otis  Elevator  Co.,  17  Battery  Place,  New  York,  N.  Y.     '04 
♦Brown,  T.  Forster,  Min.  &  Civ.  Engr.,  Guildhall  Chambers,  Cardiff, 

South  Wales,  Great  Britain.    '86 
♦Brown,  William  Clinton,  Cons.  Engr., 

512  William  St,  Montreal,  Canada.    '95 

♦Brown,  William  F Calle  de  Cadena  14,  Mexico  City,  Mexico.     '02 

♦Brown,  William  S.,  Min.  Engr.,  Pilgrims'  Rest,  Lydenburg, 

Transvaal,  South  Africa.     '94 

♦Browne,  Arthur  B.,  Cons.  Min.  Engr Sumpter,  Oregon.    '93 

♦Browne,  David  H.,  The  Orford  Copper  Co., 

New  Brighton,  Staten  Island,  N.  Y.  '00 
fBROWNE,  R.  Montague,  Civ.  Engr..Launce8ton  Qub,  Launceston,  Tasmania.  '96 
♦Browne,  Ross  E.,  Min.  Engr.,  Temporarily  Care  Wemher,  Beit  &  Co., 

1  London  Wall  Bldgs.,  London,  E.  C,  England.     '94 
♦Brownell,  Edward  E.,  Mine  Owner,  604  Montgomery  St, 

San  Francisco,  Cal.    '05 
♦Browning,  Walter  Jab.,  Min.  Engr.,  GenL  Mgr.,  Mazapil  Copper  Co., 

Ltd.,  Concepcion  del  Oro,  Zacatecas,  Mexico.     '02 
♦Brownlee,  Archibald  G.,  Mine  Expert,  Care  Stanley  Mine, 

Idaho  Springs,  Colo.     '97 
♦Bruce,  Jambs  L.,  Engr.  of  Mines. ..Care  Federal  Lead  Co.,  Flat  River,  Mo.     '03 
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'^Bbuce,  Thomas  C,  Min.  Engr.,  fiarnato  Consolidated  Mines,  Ltd., 

Consolidated  Bldgs.,  Johannesbarg,  Transvaal,  So.  Africa.  '03 

**Bkunton,  D.  W.,  Cons.  Engr Room  506,  Boston  BIdg.,  Denver,  Colo.  '83 

^Brtaitt,  Geoboe  W.,  Min.  Engr...Apartado  No.  25,  Quanajuato,  Mexico.  '04 

'^Bbtdek,  Chablbs  L.,  Instnictor 402  Church  St,  Iowa  City,  Iowa.  '04 

*BucK,  Abthub  H.,  Min.  Engr.,  Care  The  Continental  Mining  Co., 

Mineral  ''El  Panuco,"  Mondova,  Coahuila,  Mexico.  '03 

tBucK,  Laubence  M 261  Newbury  St.,  Boston,  Mass.  '05 

♦Buck,  Rufus,  Min.  Engr Dawson,  Yukon  Territory.  '97 

"♦Buck,  Stuabt  M.,  Min.  Engr.,  Prest.  and  Genl.  Mgr.,  Sagamore  Coal  & 

Coke  Co.,  BnunweU,  W.  Va.  '71 

fBucK,  ViCTOB  B.,  Jb Danbury,  Conn.  *98 

''^BucKiiEY,  Ebnebt  R.,  State  Greologist,  Director  of  the  Bureau  of  Geology 

and  Mines,  RoUa,  Mo.  '02 
^BuDBOw,  Lebteb  R,  Min.  Engr., 

Care  Tiro  General  Charcas,  San  Luis  Potosi,  Mexico.  '02 
^Bttdbow,  W.B.,  Min.  and  Met.  Engr.,  Calle  de  Santa  Teresa, 

103}  Guadalajara,  Mexico.  '00 
**BuGBEE  Edwabd  E.,  Teacher  of  Mining  and  Metallurgy, 

Iowa  State  College,  Ames,  Iowa.  '05 

*BuHi.,  Fbank  H.,  Capitalist ....E  State  St,  Sharon,  Pa,  '91 

*Bdkofzbb,  Edwin,  Met Instructed  to  hold  all  mail.  '01 

^BuLKLET,  Fbank;  Min.  Engr 446  Equitable  Bldg.,  Denver,  Colo.  '89 

♦BuiiKLBY,  Fbedebick  G Hotel  Redondo,  Redondo,  Cal.  '82 

*BuLKLBY,  Henby  W 141  Broadway,  New  York,  N.  Y.  '79 

*Bt7iiL,  Ibvino  C,  Anal,  and  Cons.  Chem.  and  Met Middletown,  N.  Y.  '03 

*Buixen,  James,  Mine  Mgi^., 

Pontywain-near-Newport,  Monmouth,  England.  '04 

♦BuiXEY,  Reoxkaxd  H Halcomb  Steel  Co.,  Syracuse,  N.  Y.  '78 

*Bt7NKEB,  CHABI.EB  E. Supt. ,  Yaegcr  Cannon  Copper  Co. ,  Prescott,  Ariz.  '00 

^BuirriNQ,  Douglas,  Chief  Engr.,  Lehigh  &  Wilkes-Barre  Coal  Co., 

Wilkes-Barre,  Pa.  '04 
♦BuBBiDGE,  Fbedebick,  Min.  Engr.,  Prest. ,  Coeur  d' Alene  Development  Co., 

Silver  King,  Idaho.  '87 

fBuBBiDGE,  Theodobe  A.,  Student....  173  Rutledge  Ava,  Charleston,  ^.  C.  *04 

♦BuRCH,  Albebt,  Min.  Engr 510  Empire  State  Bldg.,  Spokane,  Wash.  '00 

^Bubchell;  H.  C,  Supt.  of  Public  Works,  Belize,  British  Honduras, 

Central  America.  '83 

fBuBDEN,  Hekby,  2d.,  Prest.,  Cazenovia  National  Bank... .Cazeno via,  N.  Y.  '92 

**Bubden,H.  H Care  Henry  Burden,  2d,  Cazenovia,  N.  Y.  '83 

*BxntDBN,  James  A Woodside,  Troy,  N.  Y.  '76 

♦Bubdick,  Edwabd  H.,  Chem Box  724,  Victor,  Colo.  '03 

*BuBOEB,  Clabence  C,  Min.  Engr.,  Bradshaw  Mountain  X>>pper 

Mining  &  Smelting  Co.,  71  Broadway,  New  York,  N.  Y.  '97 

*BuBOEBB,  John  DeW.,  Cons.  Min.  Engr. P.  O.  Box  747,  Tucson,  Ariz.  '00 

*BuBHANS,  Habby  H.,  Student,  Michigan  College  of  Mines, 

Houghton,  Mich.  '05 

fBuBKE,  M.  D.,  Cons.  Civil  Engr.,  Room  18, 106  E.  4th  St.,  Cincinnati,  Ohio.  '74 
*Bl7BLiNaAME,  EuoENE  E.,  Chem.,  Assayer  and  Bullion  Dealer, 

R  E  Burlingame  &  Co.,  1736-1738  Lawrence  St,  Denver,  Colo.  '82 

*BTJBLiiro AME,  WAi;rEB  E. ,  Assayer  and  Chem. .  1 259  York  St. ,  Den  ver,  Colo.  '  01 

*BUBHAHD,  Alphonse  A Dairy  Farm  Mine,  Van  Trent,  Placer  Co.,  CaL  '03 
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*Bi7SKE,  Cecil  A....^n  Carlos  Copper  Co.,  Sao  Job^,  Tamaulipas,  Mexico.  '04 

^Bdrnham,  Mather  H... Straindrop  Lodge,  Chapeltown,  Sheffield,  England.  ' 98 
*BuBNHAM,  William,  Prest.  and  Treas.,  The  Standard  Steel  Works, 

1103  Harrison  Bldg.,  Philadelphia,  Pa.  '76 

*BuKN8,  Elmke  Z.,  Min.  Engr 159  Front  St.,  New  York,  N.  Y.  '04 

*BuBN8,  William  J«,  Boiling  Mill  Supt.,  Park  Works,  Crucible  Steel  Co. 

of  America,  30th  and  Smallman  Sts.,  Pittsburg,  Pa.  '97 
^BuaNs,  Willis  T.,  Genl.  Foreman  Electrolytic  Copper  Refinery,  Boston 

and  Montana  Cods.  Copper  &  Silver  Mining  Co.,  Great  Falls,  Mont  '08 
^BuBB,  GniLLEBMO  A.,  Cous.  and  Min.  Engr., 

Mgr.,  LaVencedora  Gold  Mining  Co.,  Parral,  Chihuahua,  Mexico.  '03 

♦BuRRAGB,  William  H Gallon  aty,  Colo.  '00 

^BuBRALL,  Fbbdebicb:  p.,  Min.  Engr..Caro  Ayer  &  Longyear,  Talent,  Ore.  '97 
*Bc7BBELL,  Alsxakder,  Min.  Mgr.,  Montana  Mining  Co.,  Ltd., 

Marysville,  Mont.  '92 

*BnRBELL,  Henbt,  Manager  of  Mines Edgemont,  Nev.  '00 

*BnRB0W8,  Charles  W.,  Chief  Met,  Smelting  and  Befining  Co.  of 

Australia,  [1901]  Ltd.,  Dapto,  New  South  Wales,  Australia.  '99 
^BuRBOws,  B.  H.,  Min.  Engr.,  Caro  Mineral  Development  Co., 

Guanajuato,  Mexico.  '99 

^BuBT,  Andbe^. Elphinstone  Collieries,  Tranent,  Scotland.  '99 

«*BuBT,  Chableb  S Cramer  A  Burt,  1114  Monadnock  Bldg.,  Chicago,  111.  '82 

♦Bush,  B.  P 156  Laclede  Bldg.,  St  Louis,  Mo.  '99 

*Bdsh,  E.  Benshaw,  Cona  Min.  Engr 69  Wall  St,  New  York,  N.  Y,  '85 

♦BxTSHELL,  Ben  J.  D.,  Surveyor,  Care  General  Mining  &  Finance 

Corporation,  Johannesburg,  Transvaal,  South  Africa.  '02 

*Butleb,  Chauncey  R,  Chem Address  wanted.  '96 

♦BuTLEB,  Joseph  G.,  Jb.,  Mnfr.  and  Miner Youngstown,  Ohio.  '05 

*BuTLEB,  William  Cubtis,  Banker,  Prest,  First  National  Bank, 

Everett,  Wash.  '98 

♦BuTTEBS,  Chablbs,  Min.  Engr.  and  Met Boselawn,  Berkeley,  Cal.  ' 83 

♦Bybotbs,  Owen Marysville,  Mont.  '96 

**Cabot,  John,  Jb Care  Robins  Conveying  Belt  Co.,  Passaic,  N.  J.  '99 

♦Cabot,  John  W.,  Cons.  Met.  Engr., 

Caro  F.  E.  Cabot,  85  Water  St.,  Boston,  Mass.  '80 

♦Caetani,  Gelasio,  Civ.  and  Min.  Engr , EL  Oro,  Mexico.  '04 

♦Caibns,  Frederick  I Houghton,  Mich.  '97 

♦Caldecott,  William  A.,  Cons.  Met,  Consolidated  Gold  Fields  of 

South  Africa, P.  0.  Box  67,  Johannesburg,  Transvaal,  So.  Africa,  '02 
♦Calderwood,  James  M.,  Cons.  Engr., 

31  Exploration  Bldgs.,  Johannesburg,  Transvaal,  So.  Africa.  '96 

♦Caldwell,  B.  M.,  Retired 29  Broadway,  New  York,  N.  Y.  '96 

♦Caldwell,  William  A.,  Met  Chem.,  317  Onslow  Drive, 

Dennistown,  Glasgow,  Scotland.  '05 
♦Calero,  Jos^,  Min.  Engr.,  Real  del  Monte  Mining  Co., 

Las  Cajas,  Pachuca,  Hidalgo,  Mexico.  '01 
♦♦Callaqhan,  John  T.,  Jr.,  Min.  Engr.  and  Met, 

613  W.  7th  St,  Chester,  Pa.  '96 
♦Camerok»  William  McC,  Mine  Mgr.,  Genl.  Mgr.,  The  May  Cons.  Gold 

Mining  Co.,  Ltd.,  P.  O.  Box  50,  Germiston,  Transvaal,  So.  Africa.  '97 

♦Camm,  Robert,  Min.  Engr Gauley  Mountain  Coal  Co.,  Ansted,  W.  Va.  '00 
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*Gaicp,  James  M.,  Ghem.. Duqaesne  Steel  Works,  Daquesne,  Pa.  '88 

*Gamfbsll,  David  H.,  Min.  Engr.  and  Met Houghton,  Mioh.  '08 

«OAMPBXLLy  E.  D 108  Hill  Street,  Ann  Arbor,  Mich.  '98 

*GAMFBtLL,  Frank  J.,  Secy,  and  Mgr.,  The  Vindicator  Consolidated  Gold 

Mining  Co.,  etc,  302  Boston  Block,  Denver,  Colo.  '99 

*Campbkll.  Habbt  H.,  Genl.  Mgr Pennsylvania  Steel  Co.,  Steelton,  Pa.  '81 

tGAMPBELL,  Joseph  C,  Atty.  at  Law Crocker  Bldg.,  San  Francisco,  Gal.  '08 

*Gampbell,  Mabius  R.,  Geol....n.  S.  Geological  Survey,  Washington,  D.  G.  '92 
**Campbxll,  William,  Met.  Research,  Columbia  University, 

New  York,  N.  Y.  '08 

*Camphuib,  GisoBQE  a.,  Min.  Engr San  Domingos,  Mertola,  Portugal.  '01 

♦Canby,  R.  C 834  South  Main  St.,  Wallingford,  Conn.  '82 

*CAiran£LD,  Ghauncet  L.,  Mine  Mgr.,  635  Market  St,  San  Francisco,  CaL  '08 

*Canfield,  Fbedbrick  a.,  Min.  Engr Dover,  N.  J.  '74 

*CAjnroN,  K.  M.,  Civ.  and  Min.  Engr. Colorado  Springs,  Colo.  '04 

^APEBTON,  W.  Gabton,  Gcul.  Mgr.,  Secy.  <&  Treas.,  Wrigh  Coal  & 

Coke  Co.,  Wright,  W.  Va.  '94 
*Caff,  John  A.,  Chief  of  Testing  Laboratory,  General  Electric  Co., 

Schenectady,  N.  Y.  '96 

*CABACBi8n,  a  F.  Z.,  Civ.  and  Min.  Engr.,  60  Broadway,  New  York,  N.  Y.  '01 

*Gab]>ozo,  Henbi  a 62  Bue  de  Tocqueville,  Paris,  France.  '98 

♦Cabhabt,  WnwiELD  S.,  Min.  Engr. P.  O.  Box  166,  Telluride,  Colo.  '96 

*Carlbtoh,  James  G.,  Min.  Engr. 26  Sute  St,  Marblehead,  Mass.  '92 

*GABijaBON,  Hugo,  Ingenior  vid  Jerkontoret  SmAlandsgatan,  42, 

Stockholm,  Sweden.  '97 
*Gaslylb,  William  A.,  Min.  Engr.,  Genl.  Mgr.,  Gia.  de  Bio  Tinto,  Ltd., 

Minas  de  Bio  Tinto,  Province  de  Hnelva,  Spain.  '96 
*Cabmichael,  Henbt,  Chem.  and  Met, 

Boom  620,  Weld  Bldg.,  176  Federal  St,  Boston,  Mass.  '00 
*Cabmichael,  Nobmav,  Min.  Engr.  and  Assayer,  Care  Arizona  Copper  Co., 

Morend,  Ariz.  '99 
*Casjs(Amajx,  Ghableb  T.,  Mine  Owner  and  Operator, 

The  Besnrrection  Gold  Mining  Co.,  Leadville,  Colo.  '89 

*Gabhahan,  John  S., Mine  Supt.,  Mexican  Lead  Co.,  Monterey, N.  L.,  Mexico.  '97 

Carnegie,  Andrew. 2  E  Ninety-first  St.,  New  York,  N.  Y. 

*Cabney,  Hugh  J.,  Min.  Student Ouray,  Colo.  '04 

*Cabpbnt£B,  Alvin  B.,  Min.  Engr.,  Mgr.,  let  Independencia  Num.  36 

Mexico  City,  Mexico.  '97 
*Cabpenteb,  Fbakk»  Metallurgist, 

7436  Boyer  St.,  Mt.  Airy  SUtion,  Philadelphia,  Pa.  '98 
^Cabpemteb,  Prop.  F.  R.,  Civ.  Min.  Engr.  and  Met., 

1420  Josephine  St.,  Denver,  Colo.  '87 

*Gabpenteb,  Laurence  B.,  Cons.  Engr Bssin,  Ariz.  '06 

*Carp£KTER,  Bolla  G.,  Prof.,  Experimental  Engineering, 

Cornell  University,  Ithaca,  N.  Y.  '00 

*Cabb,  Hekby  C.,  Min.  Engr. 38  Fremont  St.,  San  Francisco,  Gal.  '06 

*Cabb,  Pebct  E.  O.,  16  Holmdale  Road,  West  Hampstead, 

London,  N.  W.,  England.  '92 

*Carbioan,  Andbew,  Merchant 17  Beale  St.,  San  Francisco,  Gal.  '  99 

*Cabboll,  Lapatette  D.,  Ghis  Engr.,  Care  Humphreys  &  Glasgow, 

38  Victoria  St,  London,  S.  W.,  England.  '88 
*Cabbt,  Hekbt  E.  C.,  Civ.  and  Min.  Engr., 

877  Dorchester  St.,  Montreal,  Quebec,  Canada.  '97 
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*CAasoK,  Arthur  C,  Mining  Supt Specnlator  Mining  Co.,  Batte,  Mont.    '84 

^Carson,  Gieoroe  C,  Min.  and  Met.  £ngr... Hotel  Bradway,  Denver,  Colo.     '03 
^Carter,  Benjamin  P.,  Min.  Engr.,  Genl.  Mgr.,  Ferreira  Gold  Mining  Co., 

P.  O.  Box  1021,  Johannesburg,  Transvaal,  So.  Africa.    '95 

♦Carter,  Henry  M.,  Met 480  West  4th  Ave.,  Columbus,  Ohia     '02 

♦♦Carter,  Thomas  Lane,  Min.  Engr.,  French  Rand  Gold  Mining  Co., 

Box  25,  Luipards  Vlei,  Transvaal,  So.  Africa.    '03 
♦Carver,  Leonard  H.,  Hydraulic  and  Min.  Engr., 

Mountain  Gold  Mines  Co.,  50S  California  St.,  San  Francisco,  Cal.     '03 

*Case,  Benjamin  H,,  Min.  Engr Copperhill,  Tenn.     '03 

♦Case,  Charles  M.,  Stocks  and  Bonds,  Whallon,  Case  <&  Co., 

58  Chamber  of  Commerce,  Minneapolis,  Minn.     '96 

♦Case,  W.  H.,  Mine  Mgr Address  wanted.     '04 

♦Casev,  John  P.,  Min.  Engr Cananea,  Sonora,  Mexico.     '03 

♦Cates,  Louis  S.,  Min.  Engr.,  Supt.,  Boston  Cons.  Mining  Co., 

Bingham  Canyon,  Utah.     '04 

♦Catlett,  Charles,  Chem.,  Qeoh  and  Min.  Expert Staunton,  Va.    '95 

♦♦Catun,  Bobert  M.,  Min.  Engr.,  Genl.  Mgr.,  Consolidated  Gold  Fields, 

S.  A.,  Ltd.,  Box  1167,  Johannesburg,  Transvaal,  So.  Africa.     '00 
♦Cautlet,  Arthur  O.,  Min.  Engr.,  Cosmopolitan  Proprietary  and 

Affiliated  Companies,  139  Cannon  St.,  London,  England.     '03 
*Cazin,  Franz,  Cons.  Mech.  Engr.,  Booms  400  and  401,  Jackson  Bldg., 

Denver,  Colo.    '89 
♦Cerrina-Feroni,  Paolo,  Mine  Mgr., 

Boccheggiano-Miniera-Grosseto,  Italy.     '04 
*Chalmers,  George,  Min.  Engr.,  Supt,  St  John  del  Bey  Mining  Co.,  Ltd., 

Morro  Velho,  VUla  Nova  de  Lima,  Minas  Geraes,  Brazil,  So.  America.    '92 
♦^Chalmers,  John  A.,  Min.  Engr., 

The  Club,  Balawayo,  Rhodesia,  So.  Africa.     '95 
♦Chalmers,  William  J.,  Vice-Prest,  AUis-Chalmers  Co., 

New  York  Life  Bldg.,  Chicago,  Ul.    '94 
^Chamberlain,  H.  S.,  Mfgr.  and  Miner,  Prest,  Roane  Iron  Co., 

Chattanooga,  Tenn.    '75 
*Ch AMBERS,  Robert  E.,  Mgr.,  Ore  Mines  and  Quarries.     The  Nova  Scotia 

Steel  and  Coal  Co.,  Ltd.,  New  Glasgow,  Nova  Scotia.     '91 
^Chambost,  Pierre  J.  E.  R,  Engr.  of  Mines,  Care  Messrs.  Sautter  Harle, 

26  Ave  de  Suffren,  Paris,  France.    '03 
*Chance,  Dr.  H.  Martyn,  Cons.  Min.  Engr., 

819  Drexel  Bldg.,  Philadelphia,  Pa.    '74 
♦Chandler,  Charles  F.,  Prof,  of  Chemistry,  Columbia  University, 

New  York,  N.Y.    '90 
*Channing,  J.  Parke,  Cons.  Min.  Engr.,  Prest,  Tennessee  Copper  Co., 

11  Broadway,  New  York,  N.  Y.    '84 
♦Channing,  Roscoe  H.,  Jr.,  Mgr.,  Utah  Consolidated  Mining  Co., 

405  Dooly  Bldg.,  Salt  Lake  Qty,  Utah.     '04 
*Chanute,  O.,  Cons.  Engr.,  Prest,  Chicago  Tie  Preserving  Co., 

94th  St  and  Chicago,  Rock  Island  and  Pacific  R.  R.  tracks,  Chicago,  111.    '79 
*Chaplin,  George  p.,  Min.  Engr.,  96  Breakspears  Road,  Brockley, 

London,  S.  R,  England.     '97 
♦Chapman,  Charles  W.,  Pastoralist, 

39  Queen  St.,  Melbourne,  Victoria,  Australia,    '91 
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M!)hapman,  James  E.,  Mine  Saryeyor, 

Caailla  336,  Guayaquil,  Ecuador,  South  America.  '04 
^Chapman,  Melville  D.,  Banker  and  Broker,  E.  B.  Chapman  &  Co., 

80  Broadway,  New  York,  N.  Y.    '00 

*Chapmak,  Norman  W.,  Min.  Engr. 117  Cherry  St,  Seattle,  Wash.    '0» 

♦Chapman,  Bobebt  H.,  Topographer,  U.  S.  Geological  Survey, 

Washington,  D.  C.    '97 
•Chappkll,  Howard  F.,  3d  Vioe-Prest,  General  Chemical  Co., 

26  Broad  St.,  New  York,  N.  Y.    '94 
*Charleton,  a.  G.,  Cons.  Min.  Engr.,  Mansion  House  Chamhers, 

Queen  Victoria  St,  London,  R  C,  England.     '81 
♦Chaser  Arthur  W.,  Capt  Army  Corps,  U.  S.  A. ,  Army  and  Navy  Club, 

16  W.  3l8t  St,  New  York,  N.  Y.    '08 
*Chasb,  Charles  A.,  Supt... Liberty  Bell  Gold  Mining  Co.,  Telluride,  Colo.    '00 

**Chase,  Edwin  R,  Min.  Engr. 932  Equitable  Bldg.,  Denver,  Colo.     '08 

*Chas£,  Frank  D 34  Moreland  St,  Boston,  Mass.     '84 

*Chatard,  Thomas  M.,  Cons.  Chem., 

1716  Rhode  Island  Ave.,  Washington,  D.  C.    '88 

*CHAnYENBT,  Beois,  Min.  Engr 937  Equitable  Bldg.,  Denver,  Colo.     '03 

*Chauvenet,  S.  H.,  Mgr.,  Berkshire  Iron  Works Sheridan,  Pa.     '81 

♦Chauvbnet,  WILLLA.M  M.,  Min.  Engr.  and  Chem.,  Begis  Chauvenet 

&  Bro.,  620  Chestnut  St,  St.  Louis,  Mo.  '90 
*Chenhall,  J.  Wame,  Min.  and  Met  Engr....  P.  O.  Box  218,  Shelby,  N.  C.  '06 
i^CHENHALL,  James  W.,  Cons.  Civ.  Min.  and  Met.  Engr., 

Totnes,  Devonshire,  England.    '85 
*Chennelij9,  J.  Arnott,  Min.  Engr.,  Mgr.,  Gulong  Gold  Mining  Co.,  Ltd., 

Gulong,  Southern  Bhodesia,  So.  Africa.     '02 

^Chesebuouoh,  George  L. Lyceum  Bldg.,  Duluth,  Minn.    '97 

•Chester,  Edward  D.,  Cons,  and  Min.  Engr.,  20  Copthall  Ave., 

London,  E.  C,  England.    '90 

*Cheyrillon,  Louis,  Min.  Engr. Apartado  18,  Mexico  City,  Mexico.     '02 

*Chetney,  Samuel  W.,  Min.  Engr.  and  Genl.  Mgr.,  Jamison  Mining  Co., 

Alta  Sierra  Gold  Mining  Co. ,  etc. ,  620  Hay  ward  Bldg. ,  San  Francisco,  Cal.    '87 
•Chibas,  Eduardo  J.,  Civ.  and  Min.  Engr.  and  Contractor, 

Apartado  110,  Santiago  de  Cuba,  Cuba.  '96 
*Chibas,  Luis  F.  ,  Engineer  and  Contractor,  Jefatura  de  Minas, 

Santiago  de  Cuba,  Cuba.    '01 
*Child,  Alfred  T.,  Met.,  Eilers'  Plant, 

American  Smelting  &  Eefining  Co.,  Pueblo,  Colo.  '00 
**Chippbndale,  Arthur,  Chemist,  American  Club,  Mexico  City,  Mexico.  '99 
*Cbi8H0LM,  John,  Met.,  Care  Omai  Gold  Mining  Co., 

Georgetown,  British  Guiana,  South  America.     '00 

**Choate,  Wayne,  Min.  Engr Biverside,  Cal.    '02 

*Choxtteau,  Pierre,  Prest,  Iron  Mountain  Co. ,  Security  Bldg.,  St.  Louis,  Mo.    '76 
•♦Christian,  August,  Chief  Engr.,  Min.  Dept, 

Anaconda  Copper  Mining  Co.,  Butte,  Mont.    '99 

♦Christiansen,  Herman  B.,  Chem Borne,  Ga.     '96 

♦Chribtianson,  Peter,  Instructor  in  Metallurgy, 

Minnesota  School  of  Mines,  411  Walnut  St.,  S.  E.,  Minneapolis,  Minn.     '01 
♦Christy,  Samuel  B.,  Prof,  of  Min.  and  Met.,  University  of  Oedifornia, 

Berkeley,  Cal.    '8S 
♦Chubch,  AlbebtK.,  Mgr.,  American  Dept,  National  Tube  Co., 

Middletown,  Pa.    '92 


22  MEMBERS   AND   ASSOCIATES. 

*Chtjbch,  E.  D.,  Jr.,  Secy.,  Church  &  Dwight  Co., 

63  WaU  St.,  New  York,  N.  Y. 

*Chubch,  Prop.  John  A.,  Min.  Engr 15  William  St.,  New  York,  N.  Y. 

tCHURCH,  Mtron  J.,  Min.  Engr Victor,  Col. 

fCHYNOWETH,  B.  F Houghton,  Mich. 

*CLAaH0RN»  Clarence  B., 

Northwestern  Improvement  Co.,  Headquarters  Bldg.,  Tacoma,  Wash. 
*Clafp,  Georoe  H.,  Chairman,  Pittsburg  Testing  Laboratorj,  Ltd., 

325  Water  St.,  Pittsburg,  Pa. 
*Clark,  Allan  J.,  Chief  AB8a7er...Home8take  Mining  Co.,  Lead,  So.  Dak. 
*Clark,  Carle  D.,  Asst.  District  Snpt., 

Care  Arizona  Copper  Co.,  Morenci,  Aris. 
*Clark,  Clarence  M.,  Banker,  E.  W.  Clark  &  Co.,  Bullitt  Bldg., 

Philadelphia,  Pa. 
*Clark,  Edward  W.,  Supt.,  Ophir  Hill  Consolidated  Mining  Co., 

Ophir,  Utah. 
*Clark,  Edwin  M.,  Supt.  of  Smelter,  1982  Bonsallo  Ave.,  Los  Angeles,  Cal. 

fCLARK,  Frederick Mills  Bldg.,  San  Francisco,  Cal. 

*Clark,  George  C,  Min.  Engr 94  West  104th  St,  New  York,  N.  Y. 

*Clark,  George  M.,  Min.  Supt.,  Biver  Hill  Mining  and  Milling  Co., 

Placerville,  Cal. 
*Clark,  James  M.,  Civ.  and  Min.  Engr.,  Care  Clark  &  Krelis, 

Kanawha  Falls,  W.  Va. 

♦Clark,  Josiah  H.,  Min.  Engr 18  Wall  St.,  New  York,  N.  Y. 

*Clark,  Lindesat-C,  Min.  Engr.,  GenL  Mgr.,  The  Briseis  Mines,  Ltd., 

Derby,  Tasmania. 

**Clark,  Maurice,  Assajrer Apartado  233,  Oaxaca,  Mexico. 

*Clark,  V.  v.,  Min.  Engr Box  284,  Galena,  111. 

*Glark,  Walton,  Gas  Engr.,  Gen.  Supt,,  The  United  Gas  Imp.  Co., 

Broad  and  Arch  Sts.,  Philadelphia,  Pa. 

*Clark.  Willlam  a.,  Banker,  Mining,  Mill  Owner,  etc Butte,  Mont 

•Clark,  Will  L.,  Asst.  Genl.  Mgr. ,  United  Verde  Copper  Co..  Jerome,  Arie. 
•Clarke,  E.  A.  S.,  Care  Lackawanna  Steel  Co., 

100  Broadway,  New  York,  N.  Y. 

•Clarke,  Hopewell 775  Portland  Ave.,  St.  Paul,  Minn. 

•Clarke,  Roy  H.,  Min.  Engr... Room  3,  Wolverton  Bldg.,  Spokane,  Wash. 
•Clarke,  William  B.,  Elect.,  Min.  Engr.,  General  Electric  Co., 

Schenectady,  N.  Y. 
•Claudet,  Arthur  C,  Chem.  and  Met.  Assayer  to  the  Bank  of  England, 

6  and  7  Coleman  St.,  London,  England. 
•Claudet,  H.  Hayman,  Met.  Engr.,  Tech.  Rep., Canadian  Ore  Concentration, 

P.  O.  Box  578,  Rossland,  B.  C,  Canada. 
•Claypool,  W.  M.,  Min.  Engr.,  Prescott  Agency, 

Am.  Smelting  <&  Refining  Co.,  Prescott,  Aris. 
•Clbaveland,  Newton,  Genl.  Supt,  Guba  Consolidated  Gold  Fields, 

Marysville,  Montana. 
•Cleland,  E.  Davenport,  966  Rhode  St,  Kalgoorlie,  Western  Australia. 

•Clemens,  Fred  L.,  Min.  Engr Box  200,  Durango,  Colo. 

•Clement,  F.  H.,  av.  Engr 124  West  48th  St.,  New  York,  N,  Y. 

•Clement,  Harrison  Edward,  Min.  Engr., 

307  Dooly  Block,  Salt  Lake  City,  Utah.     '02 
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*Clements,  J.  MoBOAN,  Eoonomic  Geol.  and  Min.  Engr., 

16  WilUam  St,  New  York,  N.  Y.  '01 

**Glemes,  John  H.,  Min.  Engr.,  The  Bracken,  Newquay,  Cornwall,  England.  '81 

•Clkec,  F.  L The  Shirley  Hotel,  Denver,  Colo.  '87 

•Glbvkland,  Ernebt  a Vancouver,  B.  C,  Canada.  '08 

•Clbvknger,  GAI.BN  H.,  Met Box  321,  Palo  Alto,  Cal.  '03 

**Clifp,  Capt.  John,  Retired  Mining  Captain, 

1309  Second  St.,  San  Diego,  Cal.  '80 
•Clouston,  T.  Harold,  Genl.  Mgr.,  Bingarooma  Tin  Mine,  Ltd., 

Derby,  Tasmania.  '01 

•Clymxr,  Edward  T 806  North  63d  St.,  Philadelphia,  Pa.  '82 

♦Clymeb,  Frederick  H.,  Min.  Engr. 249  N.  Fifth  St.,  Reading,  Pa.  '97 

*CoBB,  Harald  McL.,  Min.  Engr.,  National  Metal  Co., 

Guanacevi,  Durango,  Mexico.  '04 
*C0BB,  WiiiUAM  L.,  Min.  Engr.,  Mill  Snpt,  Kalgwarli  Gold  Mines,  Ltd., 

425  Crossley  Bldg.,  San  Francisco,  Cal.  '03 
*CoBBE,  Heryic  N.  G.,  Mill  Supt.,  Kalgurli  Gold  Mines, 

Kalgoorlie,  Western  Australia.  '01 

^CocKERELL,  LESLIE  M Apartado  No.  1 57,  Guadalajara,  Mexico.  ' 00 

^Codington,  Edmttnd  W.,  Prest,  American  Mining  and  Improvement  Co., 

Bartow,  Florida.  '90 

*CoE,  Ira  J.,  Cement  and  Min.  Engr 177  E.  Mass.  Ave.,  Oakland,  Cal.  '03 

*CoE,  William  W.,  GenL  Mgr.,  Pocahontas  Coal  &  Coke  Co.. Roanoke,  Va.  '83 

*CoFFiN,  Charles  E.,  Charcoal  Pig  Iron  Mfr. Muirkirk,  Md.  '82 

*CoPFiN,  WiLLL^M  C,  Vioe-Prest.,  Riter  Conley  Mfg.  Co.,  5930  Howe  St., 

Pittsburg,  Pa.  '92 
**CoGflWELL,  William  B.,  Vice-Prest.  and  Managing  Director, 

Solvay  Process  Co.,  Syracuse,  N.  Y.  '72 
«*CoHEN,  E.  H.  A.,  Cons.  Min.  Engr.  and  Mgr.,  Rand  Club, 

Johannesburg,  Transvaal,  So.  Africa.  '94 

*CoHEN,  H.  A.,  Min.  Engr. 210  Crocker  Bldg.,  San  Francisco,  CaL  '89 

*CoHBK,  Loais,  Min.  Engr 417  Jackson  Bldg.,  Denver,  Colo.  '01 

*CoLBATH,  Harry,  Mill  Supt Care  L.  U.  Colbath,  Salt  Lake  City,  Utah.  '00 

*CoLBATH,  L.U.,  Mining P.  O.  Box  717,  Salt  Lake  aty,  Utah.  '87 

*CoLBY,  Albert  Ladd,  Met  Engr.,  Asst.  to  Prest ,  International  Nickel  Co., 

43  Exchange  Place,  New  York,  N.  Y.  '88 
*CoLBY,  Saffobd  K.,  Civ.  Engr.,  Pittsburg  Reduction  Co., 

99  John  St. ,  New  York,  N.  Y.  '00 
*CoLE,  Arthur  A.,  Assayer  and  Chemist,  Centre  Star  Mining  Co., 

Rossland,  B.  C,  Canada.  '02 
*CoLE,  David,  Min.  Engr.,  Supt,  Concentration  Dept.,  Cananea 

Consolidated  Copper  Co.,  Cananea,  Sonora,  Mexico.  '05 

*CoLB,  Frank  L.,  Min.  Eagr American  Consulate,  Shanghai,  China.  '04 

•CoLB,  T.  F.,  Prest,  Oliver  Iron  Mining  Co.  and  Minnesota  Iron  Co., 

Wolvin  Bldg.,  Duluth,  Minn.  '90 

^Coleman,  Bertrand  Dawson Lebanon,  Pa.  '95 

*CoLEiCAN,  Robert  J.,  Min.  Engr.,  Care  Engineer's  Club, 

374  Fifth  Ava,  New  York,  N.  Y.  '03 

*CoLEMAN,  R.  Prewitt,  Min.  Engr.,  930  East  Ocean  Ave,  Long  Beach,  Cal.  '03 

♦•CoLLBRAN,  Arthur  H.,  Min.  Engr , Seoul,  Korea.  '05 

*CoLLBY,  Bernard  T.,  Asst  Supt, 

American  Smelting  &  Refining  Co.,  Aguascalientes,  Mexico.  '88 
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*CoLLi£B,  John  H.,  Jr.,  Min.  Engr.,  Sapt,  Lassen  Mining  Co., 

Haydenhill,  Lassen  Co.,  Cal.    '00 
**CoLLiN,  Emile  C,  Mgr.,  Cie.  des  Mines  et  Usines  d'Esoombreia,  fileyberg 

(Spain  and  Belgium),  49  Bae  de  Mlromesnil,  Paris,  Franoe.    '86 
*CoLLiNGS,  BcBTON  L,  Care  Harvey  &  Co.,  P.  O.  Box  1279, 

Johannesburg,  Transvaal,  So.  Africa.    '02 
tCoLLiKOWOOD,  Francis,  Cons.  Engr.,  and  Expert  Civil  Service  Examiner, 

Elizabeth,  N.  J.     '82 
*CoLLiNS,  Edoar  a.,  Min.  Engr.,  Supt.,  Combination  Mines  Co., 

Goldfield,  Nev.    '04 
tCoiiUNS,  Francis  W.,  Student  of  Mining  Engineering,  Care  New  York 

Athletic  Club,  58  W.  59th  St,  New  York,  N.  Y.    '03 

**CoLLn!re,  Gkorob  E.,  Min.  Engr 217  Boston  Bldg.,  Denver,  Colo.    '00 

**CoLLiN8,  Hbnry  F.,  Min.  and  Met.  Engr.,  Cerro  Muriano  Mines,  Ltd., 

Estacion  de  Cerro  Muriano,  Provincia  de  Cordoba,  Spain.     '96 

♦Collins,  Horace  F. Apartado  174,  Mexico  City,  Mexico.     '00 

♦Collins,  John  P.,  Blast  Furnace  Supt 222  Mathilda  St.,  Pittsburg,  Pa.    '05 

♦Collins,  W.  J Box  325S,  Johannesburg,  Transvaal,  So.  Africa.    '9S 

♦COLLORD,  George  L.,  Supt.  of  filast  Furnaces,  Clairton  Works, 

Carnegie  Steel  Co.,  Clairton,  Pa.     '01 

**CoLftUHOUN,  James,  Prest Arizona  Copper  Co.,  Clifton,  Ariz.     '98 

♦CoLTON,  Charles  A.,  Director,  Newark  Technical  School, 

367  High  Street,  Newark,  N.  J.    '74 
♦♦CoLViN,  Verplanck,  Box  No.  1,  Capitol.     (House  175  Western  Ave.), 

Albany,  N.Y.    '81 
♦CoLWELL,  Alfred  B.,  Min.  Engr., 

Boom  26,  Mining  Exchange  Bldg.,  Cripple  Creek,  Colo.    '03 
♦CoLTAR,  Louis  S.,  Prest.,  Eagle  Iron  Co.,  Borne  Furnace  Co.,  etc, 

Chattanooga,  Tenn.    '85 

♦Coming,  George  B.,  Min.  Engr Greaterville,  Pima  Co.,  Ariz.     '05 

♦CoMSTOCK,  Charles  W.,  Civ.  and  Min.  Engr., 

213  Boston  Bldg.,  Denver,  Colo.     '00 
♦CoMSTOCK,  Prof.  Theodore  B.,  Cons.  Min.  Engr.,  534  Stimson  Bldg., 

Los  Angeles,  Cal.     '80 

♦CoNANT,  H.  D.,  Supt.,  Lake  Superior  Smelting  Co Dollar  Bay,  Mich.     '88 

♦CONLEY,  Owen  J.,  Min.  Engr 18  Broadway,  New  York,  N.  Y.     '02 

♦Conner,  Eli  T.,  Min.  Engr.,  Mgr.,  Pennsylvania  Coal  &  Coke  Co., 

Cresson,  Pa.    '92 

♦Conner,  John  T.,  Mine  Supt "  The  Monticello,"  Helena,  Mont.    '00 

♦Connor,  Charles,  Supt.,  Stonegap  Colliery  Co. .Glamorgan,  Wise  Co. ,  Va.     '86 
♦*CoNNOR,  8.  B.,  Prest,  El  Oro  Dredging  Co.,  etc, 

Mills  Bldg.,'San  Francisco,  Cal.     '88 
♦CONRADSON,  PoNTUS  H.,  Chief  Chemist,  Galena  Signal  Oil  Works, 

Franklin,  Pa.    '92 

♦CooK,  Edgar  S Prest.,  Warwick  Iron  and  Steel  Co.,  Pottstown.  Pa.    '77 

♦Cook,  Edward  H.,  Min.  Engr.,  Supt,  American  Smelting  &  Befining  Co., 

Asientos,  Aguascalientes,  Mexico.    '96 
♦Cook,  Bobert  A.,  Portland  Cement, 

Boom  18,  229  Broadway,  New  York,  N.  Y.    '83 
♦Cooke,  Henry  M.  A.,  Min.  Engr.,  The  Champion  Beefs  Gold 

Mining  Co.,  Champion  Beefs,  Mysore,  South  India.    '01 
♦♦Cooke,  Lewis  H Boyal  School  of  Mines,  London,  S.  W.,  England.    '01 
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*Ck>OLiDOE,  WaiIteb  G.,  Ck)pper  Bel,  Chicago  Copper  Befining  Co., 

310  Western  Union  Bldg.,  Chicago,  lU.    '82 

tCooMBB,  Harold  L Gait,  Cal.    % 

ttCooPEB,  Jambb  B.,  Supt.,  Calamet  and  Hecla  Smelting  Wks., 

HabbeU,  Mich.    '99 
**CooPEB,  John,  Sapt.  of  Mines,  Mazapil  Copper  Co.,  Ltd., 

Concepcion  del  Oro,  Zacatecas,  Mexico.    'OS 
*CoP£LAMD,  F.  E.,  Brest.,  Sullivan  Machinery  Co.,  Bailwaj  Exchange, 

Chicago,  111.    '87 
**CoEBOULD,  William  Hbnbt,  GenL  Mgr.,  The  **  Lloyd  "  Copper  Co.,  Ltd., 

Barraga,  New  Soath  Wales,  Australia.     '92 

*CoBBU8,  A.  W 1511  Jones  St,  San  Francisco,  Cal.    '00 

**CoBBUB,  J.  Pabker Boom  30,  6  California  St,  San  Francisco,  Cal.    '96 

HJORET,  W.  £.,  Brest,  United  States  Steel  Corporation, 

71  Broadway,  New  York,  N.  Y.     *94 
^K>OBincLiUB,  William  A.,  Asst  Mgr.,  Natl.  Dept, 

National  Tnhe  Co.,  McKeesport,  Pa.     '01 

♦CoBHiJLL,  BuasELL  T.,  Min.  Engr 67  West  83d  St,  New  York,  N.  Y.    '02 

*CoRNiNO,  C.  B.,  Min.  and  Cons.  Engr. 36  Wall  St.,  New  York,  N.  Y.    '86 

*CoRinNO,  Frederick  G.,  Min.  Engr.,  Brest  and  Managing  Director  of 

Companies,  36  Wall  St,  New  York,  N.  Y.     '77 

*C0RNISH,  Harry  L.,  Min.  Engr Box  634,  San  Job€,  Cal.     '03 

tCoRRY,  Arthur  V.,  Min.  Engr. P.  0.  Box  323,  Butte,  Mont    '97 

*CoRWiN,  George  F.,  Chem.  and  Met Instructed  to  hold  all  mail.    '03 

*CoRYELL,  Torbert,  Min.  Engr.,  Supt.,  Union  Imp.  Co.  of  Hazleton,  Pa., 

Lambertville,  N.  J.    '83 
*Co8BY,  Frederick  N.,  Min.  Engr.,  Ymir  Gold  Mine, 

Ymir,  B.  C,  Canada,     '03 

•Cobby,  R  Parkyn,  Min.  Engr '. Sekondi,  West  Coast,  Africa.    '03 

*GosENS,  John  Dickson,  Min.  Engr Tank  Mine,  Oorgaum,  So.  India.     '95 

•CoeoRO,  Jno.  p..  Master  Mech.,  Care  Allis-Chalmers  Co., 

New  York  Life  Bldg.,  Chicago,  III.     '01 
*CosTB,  EuaioTE,  Min.  Engr.  and  Geol.,  Brest,  Canadian  Mining  Institute, 

Canada  Permanent  Bldg.,  18  Toronto  St.,  Toronto,  Ontario,  Canada.     '87 

♦*CouMBRiLH,  William,  Mine  Operator. Mullen,  Idaho.    *9o 

♦Courtis,  W.  M.,  Cons.  Met  Engr.,  Treas.,  U.  S.  Potash  Co.,  Ltd.,  etc, 

412  Hammond  Bldg.,  Detroit,  Mich.     '71 
**Courtnby,  Charles  F.,  Civ.  and  Min.  Engr.,  Sulphide  Corporation,  Ltd., 

34  Queens  St,  Melbourne,  Victoria,  Australia.     '97 

*CowAN,  Jameb  I.,  Min.  Engr Box  456,  Colorado  Springs,  Colo .    '  99 

*CowLE8,  Alfred  H.,  Brest,  Cowles  Elect  Smelting  &  Aluminum  Co., 

Pecos  Biver  Mining  Co.,  361  The  Arcade,  Cleveland,  Ohio.    '86 
*Cox,  Herbert  B.,  Asst  to  the  Brest,  Empire  Steel  &  Iron  Co., 

Catasaqua,  Pa.     '04 
*Cox,  Jennings  S.,  Jr.,  Genl.  Mgr.,  Spanish- American  Irqn  Co., 

Santiago  de  Cuha,  Cuha.     '99 

tCox,  Sterling  R 67  Harrison  St,  East  Orange,  N.J.    '01 

•Cox,  Thomas,  Cons.  Engr 170  N.  16th  St,  Portland,  Ore.     '01 

•Cox,  WiLUAM  J.,  Genl.  Mgr.,  Camp  Bird,  Ltd Ouray,  Colo.    '98 

•Cox,  W.  Bay,  Min.  Engr.,  Assajer  and  Chemist, 

P.  O.  Box  717,  Goldfield,  Nev.    '03 
•Cox,  W.  BowLAND,  Mine  Manager,  Silver  Lake  Mines Silverton,  Colo.    '08 
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tCk>XE,  Alexander  B.,  Coul  Operator.... Coxe  Bros.  &  Co.,  Inc.,  Drifton,  Pa.  '80 

*Ck)ZE,  Chables  E.,  Ore  Bayer..  Apartado  17,  Zacatecas,  Zacatecaa,  Mexico.  '00 

**Ck>XE,  EcKLEY  B.,  Jr. Anthracite  Coal  Operator,  Drifton,  Pa.  '98 

^Grafts,  Walter  N.,  Manufacturer  of  Machinery, 

56  East  Prospect  St.,  Cleveland,  Ohio.  '95 
*Cragoe,  a.  Spencer,  Min.  Eng^.,  2  Silchester  Boad,  St  Leonard' s-on-Sea, 

Sussex,  England.  '97 

*Crandall,  W.  R Address  wanted,  '86 

♦Crane,  Gerard  A.,  Min.  Engr., 

No.  6  Great  Winchester  St.,  London,  E.  C,  England.  '04 

tCRANE,  Theron  I.,  Iron  and  Steel,  600  Girard  Trust  Bldg.,  Philadelphia,  Pa.  '92 

♦Crane,  Walter  R,  Columbia  University New  York,  N.  Y.  '00 

♦Cranston,  Robert  E.  ,  Mine  Mgr .,  Ashburton  Mining  Co. .  Sacramento,  Cal.  '  73 

♦Crawford,  George  G.,  Mgr.,  National  Tube  Co McKeesport,  Pa.  '00 

♦Crawford,  Henry  E.  ,  Min.  Engr Hanover,  New  Mex ico.  '  02 

♦Crawford,  John  J.,  Met.  and  Min.  Engr.,  Director  and  Secy.,  Gwin  Mine 

Development  Co.  of  California,  etc.,  1209  Call  Bldg.,  San  Francisco,  Cal.  '73 

♦Crawford,  John  L.  ,  Chem 26  S.  Jefferson  St. ,  Newcastle,  Pa.  '84 

♦Crawford,  Walter  H.,  Min.  Engr.,  Homestead  Bldg., 

218  Union  St,  Nashville,  Tenn.  '05 

♦Cremer,  Felix,  Mgr.,  Pittsburg  Metallurgical  Co Beaver  Falls,  Pa.  '00 

♦Creicer,  J.  H 24  Superior  St.,  Cleveland,  Ohio.  '75 

♦Crebpi,  B.  a.,  Mine  Owner Puntarenas,  Costa  Rica,  Central  America.  '05 

♦Crevelinq,  James  G.  ,  Jr Apartado  24,  Aguascalientes,  Mexico.  '03 

♦Crewe,  Leonard  C Equitable  Bldg.,  Denver,  Colo.  '03 

♦Crichton,  Donald  G.,  Met Nundle,  New  South  Wales,  Australia.  '89 

♦Crockard,  Frank  H.,  Mgr.,  Riverside  Dept,  National  Tube  Co., 

Wheeling,  W.  Va.  '95 

♦♦Crocker,  A.  L.,  Mech.  Engr 2515  Blaisdel  Avenue,  Minneapolis,  Minn.  '80 

♦Crocker,  George  A.,  Iron  Merchant 99  John  St.,  New  York,  N.  Y.  '79 

♦Croft,  Henry,  Cons.  Engr. Victoria,  B.  C.,  Canada.  '00 

♦Cromwell,  Robert  H.  ,  Min.  Engr A  rispe,  Sonora,  Mexico.  ' 03 

♦Crooke,  Robert  L 234  Pearl  St.,  New  York,  N.  Y.  '89 

♦Crooker,  Ralph,  Jr.,  Cons.  Engr., 

401  Columbia  Bank  Bldg.,  Pittsburg,  Pa.  '81 
♦Crookston,  a.  W.,  Min.  Engr.  and  Mine  Owner, 

188  St.  Vincent  Street,  Glasgow,  Scotland.  '80 
♦Cbosbt,  William  O.,  Prof,  of  Geol., 

Massachusetts  Institute  of  Technology,  Boston,  Mass.  '03 

♦Cross,  Charles  M.,  Min.  Engr Address  wanted.  *03 

♦Crow,  Thomas  B.,  Assayer  and  Chemist,  Care  Mrs.  R.  H.  Tatlow, 

1220  Pearl  St.,  Denver,  Colo.  '00 

♦Crowell,  Benedict,  Min.  Engr.,  etc.,  Crowell  &  Peck Cleveland,  Ohio.  '93 

♦Croxton,  David  T.,  Min.  Engr.,  Genl.  Mgr.,  Cleveland  Furnace  Co., 

1 314  Rockefeller  Bldg  ,  Cleveland,  Ohio.  '93 
♦Croxton,  Samuel  W.,  Iron  Mfr.,  Prest.  and  Genl.  Mgr.,  The  Pennsylvania 

Iron  &  Coal  Co.,  1314  Rockefeller  Bldg.,  Qeveland,  Ohio.  '76 
♦Cruikshank,  Barton,  Designing  Engineer,  Solvay  Process  Co., 

Syracuse,  N.  Y.  '03 

♦♦Cuevas,  Luis  G.,  Assayer .Apartado  148,  San  Luis  Potosi,  Mexico.  *97 

♦CuLLUM,  J.  Barlow,  2d  Vice-Prest,,  Harbison- Walker  Co., 

Farmers*  Bank  Bldg.,  Pittsburg,  Pa.  '91 


MEMBERS   AND   ASSOCIATES.  27 

*CnMMiNGS»  Geoboe  p.,  Giy.  and  Min.  Engr Marquette,  Mich.    '81 

^CuMMiNOS,  WnxiAM  N.,  Min.  Engr.  &  Met., 

Apartado  No.  2,  Gaanajuato,lMezico.     '93 
*CuMMn7S»  Leon,  Gjanide  Chemist  and  Elec.  Engr., 

Union  Iron  Works  Co.,  222  Market  St,  San  Francisco,  Cal.     '00 

•Cunningham,  Ecklet  S , Drifton,  Pa.    '99 

'"CuNNDTOHAM,  JambbS. 506  Grove  Ave.,  Johnstown,  Pa.    '83 

•Cunningham,  John  C,  Engr.,  Care  Broken  Hill,  South  Silver  Mining  Co., 

Broken  Hill,  New  South  Wales,  Australia.  '04 
•Cunningham,  Pabkbr  H.,  Min.  Engr..305  Colorado  Bldg.,  Denver,  Colo.  '05 
•CuBBiE,  David,  Min.  and  Met  Engr.,  Lake  &  Currie,  Norfolk  House, 

7  Laurence  Pountney  Hill,  London,  E.  C,  England.    '00 
••CuiiRiE,  Walter,  Cons.  Min.  Engr.,  Willoughbj's  Consolidated  Co.,  Ltd., 

Bulawayo,  Ehodesia,  So.  Africa.    '96 
•CuBTiB,  Ubi  B.,  Mine  Supt  and  Mgr.,  Prest,  Crystal  Water  Co.  and  Alpine- 
Eagle  Mining  Co.,  Tonopah,  Nev.     '08 
•Cutting,  Chaslbs  H Newburyport,  Mass.    '01 

•Dabb,  Charles  E.,  Min.  Engr.,  No.  1  Plain  an  gwarry  Bedruth, 

Cornwall,  England.     '03 

•Daggett,  Ellsworth,  Min.  Engr. Salt  Lake  City,  Utah.    '78 

•Dakin,  Fbedebick  H.  J.,  Min.  Engr., 

The  Dakin  Co.,  104  Sutter  St.,  San  Francisco,  Cal.    '04 

tDALBUBG,  Fbank  A State  College,  Pa.     '04 

•Dalt,  Herbert  J.,  Min.  Engr.,  Consolidated  Mines  Selection  Co.,  Ltd., 

Prells  Bldg.,  60  Queen  Street,  Melbourne,  Victoria,  Australia.    '98 
•Dan,  Takuma,  Managing  Director,  Mitsui  Mining  Co., 

No.  2,  Suruga-Cho  Nihombashi-Ku^  Tokio,  Japan.     '88 

•Dana,  Richard  T.,  Cons.  Engr. 15  William  St,  New  York,  N.  Y.    '04 

•Dane,  Edwabd  G.  ..43  Arundel  Mansions,  Fulham  Boad,  London,  England.     '02 

•Danpobth,  a.  H Florence,  Colo.    '82 

•Daniel,  James  M.  ,  Jb Apartado  16,  Aguascalientes,  Mexico.    '04 

•Daihel,  William  B.,  Min.  Engr.  and  Mgr.,  Union  Zinc  &  Lead  Co., 

Shullsbury,  Wis.     '00 
•Daniels,  Fbedebick  H.,  Chief  Engr.,  Am.  Steel  &  Wire  Co., 

214  Salisbury  St,  Worcester,  Mass.    '76 
•Daniels,  Qeobqe  P.,  Mine  Supt  ...Whipple  Colliery  Co.,  Whipple,  W.  Va.    '08 

•Dabby,  Thomas  L.,  Min.  Engr 2538  Vine  St, Denver,  Colo.    '98 

•Dabmngton,  Henby Fidelity  Bldg.,  Pittsburg,  Pa.    '90 

•Dablington,  Wayne Stedman,  Cal.     '95 

•Dabsie,  James,  Vice-Prest  and  Genl.  Mgr.,  The  Hecla  Coke  Co., 

401  Wood  St,  Pittsburg,  Pa.    '93 
•Dabt,  Albebt  C,  Jb.,  Chemist  for  Newhouse  Mines  &  Smelter  Co., 

Newhouse,  Utah.     '02 

•Dabton,  N.  H.,  Geol U.  S.  Geological  Survey,  Washington.  D.  C.    '94 

••Davey,  Geobge,  Min.  and  Met  Engr., 

34  Carlton  Yale,  Maida  Vale,  London,  W.,  England.     '91 
•David,  W.  M.,  Supt  of  Smelting  and  Ref.  Copper, 

Tottenville  Copper  Co.,  Tottenville,  Staten  Island,  N.  Y.    '88 
•Dayidson,  George  M.,  Chem.  and  Engr.  of  Tests, 

Chicago  &  North  Western  By.  Co.,  Chicago,  1)1.    '81 
•Dayidson,  Otto  C,  Genl.  Supt,  Iron  Mines,  Oliver  Iron  Mining  Co., 

Iron  Mountain,  Mich.    '91 
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♦Davies,  William  H.,  Div.  Supt,  Lehigh  VaUey  CJoal  Co....Ha«leton,  Pa.  '97 
^Dayis,  Arthur  E.,  Mine  Manager,  La  Palma  Mining  Co., 

Guatimap^,  Durango,  Mexico.  'OS 
^Dayis,  Britton,  Mine  Owner  and  Mgr.,  Prest.,  Jaurez  Co.,  etc.. 

El  Paso,  Texas.  '90 
*Dayi8,  Carl  B.,  Min.  Engr.,  Genl.  Mgr.,  Lancaster  Gold  Mining  Co., 

Ltd.,  Krugersdorp,  Transraal,  South  Africa.  *99 

*Davib,  Charles  H.,  Cons.  Engr 25  Broad  St.,  New  York,  N.  Y.  '00 

^Dayis,  Charles  S Cajuca  de  Catalan,  Gaerrero,  Mexico.  '01 

*Davi8,  Charles  W 407  Cedar  Lane,  Edgeworth,  Pa.  '02 

*Dayi8,  p.  Harley,  Care  Davia  Drilling  &  Prospecting  Co., 

Boom  1038,  First  Nat  Bank  Bldg.,  Birmingham,  Ala.  '99 
*Dayi8,  Floyd,  Ph.D.,  Cons.  Min.  Engr.  and  Met, 

Iowa  Loan  &  Trust  Bldg.,  Des  Moines,  Iowa.  '83 
*Dayis,  Frank  S.,  Min.  Engr.,  Supt.,  Consolidated  Coal  &  Coke  Co., 

Fort  Lupton,  Colo.  '01 

*Dayi8,  George  C,  Anal,  and  Cons.  Chem 89  S.  10th  St. ,  Philadelphia,  Pa.  '93 

*Dayi8,  Herman,  Prest  and  Mgr.,  Nevada  Reduction  Works,  Dayton,  Nev.  *01 

♦Dayis,  James C,  Genl.  Mgr.,  American  Steel  Foundries.. ..Granite  City,  111.  '98 

*Dayi8,  Lewis  K.,  Cons.  Engr 512  Frick  Bldg.,  Pittsburg,  Pa.  '93 

*Dayi8,  Morgan,  Jr.,  Min.  Engr., 

Booms  42  and  43  Coal  Exchange,  Scranton,  Pa.  '98 
*Dayi8,  Stewart  A.,  Asst  to  Ist  Vice-Prest, 

American  Sheet  Steel  &  Tin  Plate  Co.,  Pittsburg,  Pa.  '01 
*Dayi8,  William  C,  Mgr.,  F.  M.  DaYis  Iron  Works  Co., 

8th  and  Larimer  Sts.,  Denver,  Colo.  '89 
♦Dayison,  George  L.,  Asst.  Supt.,  South  Works,  Illinois  Steel  Co., 

South  Chicago,  lU.  '97 
*Daw,  John  W.,  Civ.  and  Min.  Engr.,  Walreddon  Manor, 

Tavistock,  Devon,  England.  '93 
*Dawbarn,  Gilbert  J.,  Lecturer  in  Mining,  School  of  Mines, 

Ballarat,  Victoria,  Australia.  '04 

*Dawe8,  H.  F Englewood,  N.  J.  '87 

*Da wsoN,  Herbert  W  . ,  Mine  Supt Santa  Rita,  New  Mexico.  '  03 

*Daw80N,  T.  Launcelot,  Min.  Engr.,  Care  The  Inst  of  Min.  and  Met., 

Salisbury  House,  London,  E.  C,  England.  '96 

*Day,  Arthur  M 767  1st  St.,  Salt  Lake  City,  Utah.  '03 

♦*Day,  Dayid  T.,  Chief  of  Division  of  Mining, 

U.  S.  Geological  Survey,  Washington,  D.  C.  '87 

*Day,  William  H.,  Jr.,  Mfg.  and  Min Dubuque,  Iowa.  '00 

**Dean,  a.  L.,  Met,  Mt  Lyell  Mining  and  Bailway 

Co.,  Ltd.,  Queenstown,  Tasmania.  '96 

*Dean,  George  A.,  Furnace  Supt..Penn.  Iron  &  Coal  Co.,  Canal  Dover,  Ohio.  '86 
*De  Deken,  Albert,  Met,  Min.  Engr.  and  Chem.,  64  Rue  de  la  Station, 

Lonvain,  Belgium.  '84 

*Defty,  William  E.,  Min.  Engr Phoenix,  Ariz.  '02 

^DeEalb,  Courtenay,  Min.  Engr.,  Care  Exposed  Treasure  Mining  Co., 

Mojave,  Cal.  '92 

♦DeNeufyille,  Dr. Rudolph,  14  Junghofstraase,  Frankfort- a-M.,  Germany.  *02 

^Deidzsheimer,  Phillipp,  Min.  Engr.,  2808  Clay  St.,  San  Francisco,  Cal.  '00 
**Delano,  Frederic  A.,  Genl.  Mgr.,  Chicago,  Burlington  &  Quincy  Ry., 

209  Adams  St.,  Chicago,  111.  '86 
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♦♦Dklano.  Wabbbn,  Jk.,  CJoal  Operator 1  Broadway,  New  York,  N.  Y.    '92 

*Db  Lashbcutt,  Ivan,  Prof,  of  Metallurgy,  University  of  Arizona, 

Tucson,  Ariz.     '00 

♦Del  Mar,  Algernon,  Min.  Engr 351  Mary  St.,  Pasadena,  Cal.    *93 

*Delprat,  G.  D.,  Min.  Engr.  and  Genl.  Mgr.,  Broken  Hill  Proprietary  Co., 

Ltd.,  Broken  Hill,  New  South  Wales.    '90 
»Delrez,  Theodore,  Civ.  and  Min.  Engr., 

46  Boulevard  Berthier,  Paris,  France.    '92 
fDEMAREST,  WILLLA.M  G.,  Student,  Columbia  School  of  Mines, 

244  West  138th  St,  New  York,  N.  Y.     '04 
♦Debcond,  Charles  D.,  Testing  Engr.,  Anaconda  Copper  Mine  Co., 

Anaconda,  Mont.    '94 
♦Dempster,  Wm.,  Min.  and  Met.  Engr.,  Care  John  S.  MacArthur  <&Co., 

74  York  St.,  Glasgow,  Scotland.    '01 
♦Denby,  Wythe,  Min.  Engr.,  Supt,  Ebner  Gold  Mining  Co., 

P.  O.  Box  373,  Juneau,  Alaska.    '95 
♦Denqler,  Theodore,  Min.  Engr.  and  Supt, 

Atlantic  Mine  P.  O.,  Houghton  Co.,  Mich.     '95 

♦Denman,  Heber Midland,  Ark.     '01 

♦Dennis,  Francis  J.,  Min.  Engr.,  Care  Mrs.  E.  D.  Silent, 

2714  Severencc  St,  Los  Angeles,  Cal.    '99 
♦Dennis,  William  B,,  Prest  and  Genl.  Mgr.,  Black  Butte,  Lane  Co., 

Oregon.    '03 
♦Denny,  George  A.,  Min.  Engr.,  Cons.  Engr.  to  General  Mining  & 
Finance  Corporation,  Ltd. ,  Box  4181,  Johannesburg,  Transvaal,  So.  Africa.    '93 

♦Denny,  Harry  S Box  4181,  Johannesburg,  Transvaal,  South  A f rica.     '  05 

♦Denton,  Fred.  W Painesdale,  Mich.     '92 

♦Derby,  Charles  C,  Mgr.,  Mariposa  Commercial  &  Mining  Co., 

Mt  Bullion,  Mariposa  Co.,  Cal.     '99 
♦Derby,  Orville  A.,  Commissao  Geogrophica  e  Geologica  de  Sao  Paulo, 

Sao  Paulo,  Brazil,  So.  America.     '02 
♦De  Saulles,  Arthur  B.,  Supt,  Bethlehem  Works, 

N.  J.  Zinc  Co.  (of  Pa.),  South  Bethlehem,  Pa.    '71 
♦Deslooe,  Firmin  v.,  Min.  Engr.,  Supt,  Desloge  Consolidated  Lead  Co., 

Desloge,  St  Francois  Co.,  Mo.     '03 
♦De  Sollar,  Tennky  C,  Min.  Engr.  and  Assayer, 

Care  United  Elkhorn  Mine,  Baker  City,  Ore.     '04 

♦Detert,  William  F.,  Min.  Supt Jackson,  Amador  Co.,  Cal.     '99 

♦Deverell,  Louis  C,  Chief  Chembt,  The  Straits  Trading  Co., 

Singapore,  Straits  Settlement     '03 

♦Dbverbux,  James  H.,  Min.  Engr 99  John  St,  New  York,  N.  Y.    '89 

♦Devereux,  W.  B.,  Cons,  and  Min.  Engr...  99  John  Street,  New  York,  N.  Y.    '80 

♦Devinny,  George  V.,  Draftsman Edgewater,  Colo.    '03 

♦Dewey,  C.  E.,  Genl.  Mgr.,  Treatment  of  Ores,  The  American  Zinc  & 

Chemical  Co.,  P.  O.  Box  1452,  Denver,  Colo.    '93 
♦Dewey,  Frederic  P.,  Assayer  to  the  Mint  Bureau, 

Lanier  Heights,  Washington,  D.  C.    '77 

♦Dewey,  William  P 416  West  22d  St,  Los  Angeles,  Cal.    '85 

fDiCKENSON,  Francis  M.,  Secy.,  Broken  Hill  Prop.  Co.,  Ltd., 

Equitable  Bldg.,  Melbourne,  Victoria,  Australia.    '95 
♦DiCKBRMAN,  Alton  L.,  Min.  Engr.,  Care  Geo.  H.  Dickerman 

Paper  Box  Co.,  32  Gi^een  St,  Boston,  Mass.     '88 
♦DiCKBRSON,  Winchester, Min.  Engr. P.O.  Box  1031,  Helena,  Mont    '87 
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*DicKiK80N,  Habold  T.,  Min.  Engr.,  AmL  Mgr.,  De  Been  Confl. 

Mines,  Ltd.,  Kimberlej,  So.  Africa. 

*DicxMAN,  BoBBBT  N.,  Min.  Engr. 1120  The  Rookery,  Chicago,  111. 

*I>iCK80N,  Charles  Wm.,  Geol.  and  Chem.,  School  of  Mining, 

Kingston,  Ontario,  Canada. 
*DiEFFENBACH,  H.  M.,  Director,  Pefioles  Mining  Co.,  etc, 

Apartado  792,  Calle  de  San  Augostin  3,  Mexico  City,  Mexica 
*DiEHi.,  Ahbrosb  N.,  Supt.,  Blast  Famaoe,  Carnegie  Steel  Co., 

Duquesne,  Pa. 
*I>iOGLE8,  James  A.,  Min.  Engr.,  Care  Sons  of  Gwalia  Mine,  Ltd., 

Leonora,  Western  Australia. 
^BiGOLES,  BoBEBT  N.,  Cyanide  Chem.  and  Met, 

Care  Lightner  Mining  Co.,  Angeles  Camp,  CaL 

*DiKEBCAN,  J.  M.,  Cons.  Engr Rough  and  Ready,  Nevada  Co.,  (*al. 

^DiLWOBTH,  John  B.,  Min.  Engr. 506  Walnut  St,  Philadelphia,  Pa. 

*DiMMiCK,  Fbedebick  D.,  Prest,  Dimmick  Pipe  Co Birmingham,  Ala. 

**DiKOWALL,  W.  B.  A.,  Min.  Engr.  and  GenL  Mgr. ,  Santa  Maria  de  La  IVu, 
Apartado  116,  Matehuala,  San  Luis  Potosi,  Mexico. 
**I>mKET,  Chableb  E.,  Genl.  Supt.,  Edgar  Thomson  Steel  Works, 

Braddock,  Pa. 
^D'liTTiLLiEBS,  Edwabd  V.,  Min.  Engr.  and  G^L, 

Rooms  9-10,  506  Walnut  St,  Philadelphia,  Pa. 
*DiynnB,  Richabd  D.,  Chem., 

American  Smelting  &  Refining  Co.,  South  Chicago,  111. 
*I>ixoK,  Alexandbb  G.,  Min.  Engr.,  Compania  Metaluigica  Mexicana, 

Apartado  132,  San  Luis  Potosi,  Mexico. 
**I>ixoN,  James  T.,  Min.  Engr.,  Assayer,  Care  Bibiana  Gold  Fields,  Ltd., 

Dunkwa,  West  Africa. 

*DixoN,  Samuel,  Mine  Mgr Macdonald,  W.  Va. 

*DoANB,  W.  H.,  Prest,  J.  H.  Fay  &  Co.  .115  E.  Fourth  St, Cincinnati, Ohio. 
*I>oble,  WiiiUAM  A.,  Prest,  Abner  Doble  Co.,  200  Fremont  St., 

San  FranciBoo,  CaL 
*DocKEBY,  Love  A.,  Min.  Engr....Ashton  <&  Dockery,  Chihuahua,  Mexico. 
*DoDD,  Willis  G.,  Min.  Engr.,  Mgr.,  Mining  Dept,  Union  Iron  Works, 

San  Francisco,  Cal. 
^^DoDOE,  Cleveland  H.,  Merchant  and  Mine  Owner, 

99  John  St,  New  York,  N.  Y. 
*Doi>GE,  James  M.,  Prest.,  Link-Belt  Engineering  Co.,  Nicetown, 

Philadelphia,  Pa. 

*DoD6,  John  C Edgar  Zinc  Co.,  Cherryvale,  Kansas. 

*DoELTZ,  J.  F.  G.  Otto,  Prof,  of  Met  Clausthal,  Hartz,  Prussia,  Germany. 
^DoEFEL,  Alexandeb,  Met.  and  Cyanide  Expert, 

Burke  St.,  Maryborough,  Victoria,  Australia. 
*DoEBB,  Albebt,  Min.  Engr.,  Mgr.,  Aguascalientes  Metal  Co., 

Asientos,  Aguascalientes,  Mexico. 
*DoN,  John  R,Chem.  and  Geol.  ,Waitaki  High  School, Oamaru,  New  2iealand. 
*£>ONALD,  William,  Assayer  and  Chem.,  Care  Dr.  Lucius  Pitkin, 

47  Fulton  St,  New  York,  N.  Y. 
♦Donaldson,  William  J.,  Chem.  and  Met,  Alma  Cement  Co., 

Wellston,  Ohio. 
*DoNET,  DeWitt  C,  Chem.  and  Met,  DeLamar  Copper  Refining  Works, 

Carteret,  N.  J. 
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*DoNOHOE,  Chas.  M.y  Cons,  and  Min.  Eagr.,  Newfoundland 

Deyelopment  Co.,  603  Worthington  Bldg.,  31  State  St.,  Boston,  Mass.    '01 
*DoNOHUE,  Patrick  J.,  Mgr.,  Nebo  Mining  Co., 

Nebo  Mining  District,  Utah.    '97 

♦DOOI.BY,  WiLMAM  J.,  Mine  Owner  and  Operator Salt  Lake  City,  Utah.     '04 

*DooLiTTLE,  Chablbs  H.,  P.  O.  Box  1634,  or  309  Dooly  Bldg., 

Salt  Lake  City,  Utah.    '96 

fDoAFLiNOEB,  Chablbb  H.,  Glass  Manfr White  Mills,  Pa.    '93 

**DoBiON,  Febnand  J.,  Cons.  Min.  Engr.  and  Met ,  Valparaiso,  Chile, 

So.  America.     '96 
*DoBHAN,  Edgar  S.,  Supt.  and  Mgr.,  Heverin  Houle  Mining  Co., 

Bearmouth  Station,  Montana.     '02 
•Dorr,  John  Van  N.,  Met  Engr., 

Care  Ladberg,  Dorr  &  Wilson,  Terry,  So.  Dakota.    '01 

•*DouoHERTT,  Clarence  E.,  Min.  Engr Address  wanted.    '87 

•DouGHERTT,  Edwin  S.,  Min.  Engr.,  Inea  Min.  Co., 

Tiropata  (via  Areqaipa),  Pern,  South  America.    '06 
•DouoHERTY,  J.  W.,  Qenl.  Supt.,  Blast  Furnaces,  Penna.  Steel  Co., 

Steelton,  Pa.    '91 

•♦Douglas,  Jambs,  Met 99  John  St.,  New  York,  N.  Y.    '89 

•DouoLAB,  Theodore,  Met,  Prest,  Douglas  Copper  Co., 

42  Broadway,  New  York,  N.  Y.     '01 
•DoTJGLAfl,  Walter,  Genl.  Mgr.,  Copper  Queen  Cons.  Mining  Co..Bisbee,  Ariz.    '92 

•DovETON,  Godfrey  D.,  Met 319  Majestic  Bldg.,  Denver,  Colo.    '02 

•Downer,  Soger  H.,  Mill  Supt.,  Barstow  Mining  &  Milling  Co., 

Ironton,  Colo.    '02 

•Downey,  Maurice Troy,  Mont    '01 

•Downs,  Carleton  R.,  Supt,  Bunker  Hill  Cons.  Mining  Co., 

Amador  aty,  Cal.    '00 

•Downs,  M.  E Address  wanted.    '87 

fDowNB,  Walter  E.,  Min.  Engr ..Sutter  Creek,  Amador  Co.,  Cal.    '99 

•Downs,  W.  P.,  Min.  Engr 75  Fairview  Ave.,  Jersey  City,  N.  J.    '83 

•Doyle,  Pat.,  Cons.  Engr.,  Editor  and  Prop.  Indian  Engineering^ 

7  Government  Place,  Calcutta,  India.    '79 
•DoziER,  Charles  T.,  Asst  in  Mining,  Mining  Bldg., 

University  of  California,  Berkeley,  Cal.     '02 

•Drake,  Charles  F.,  Mech.  Engr 4925  Washington  Ave.,  Chicago,  111.     '00 

•Drake,  Francis  M.,  Min.  Engr.,  Cie.  Franyaise  des  Mines  d'Or  et 

d'Explor.,  P.  O.  Box  3258,  Johannesburg,  Transvaal,  So.  Africa.    '87 

•Drake,  Frank 804  Tacoma  Bldg.,  Chicago,  111.    '91 

••Drake,  Noah  F.,  Geol.  and  Min.  Engr.,  Tientsin  University, 

Tientsin,  China.    '98 
•Draper,  Fred.  W.,  Mazapil  Copper  Co., 

Conoepcion  del  Oro,  Zacatecas,  Mexico.     '02 
•Draper,  James  C,  Prof,  of  Mining  Engineering, 

Missouri  School  of  Mines,  BoUa,  Mo.     '05 
•Draper,  Bobert  M.,  Smelter  Foreman,  Boston  &  Montana  Consolidated 

Copper  and  Silver  Mining  Co.,  Great  Falls,  Mont    '00 
•Drebcher,  Frank  M.,  Min.  Engr. . . .  Care  Elliott  &  Drescher,  Prescott,  Ariz.    '03 

•Drinker,  Henry  S.,  Lawyer Lehigh  University,  South  Bethlehem,  Pa.    '71 

•Dron,  Andrew  P.,  Genl.  Mgr.  Mines,  Longfellow  Gold  Synd.,  Ltd., 

Big  Oak  Flat,  Tuolumne  Co.,  CaL    '99 
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*I>RUM,  Frank  G Milk  Bldg.,  San  Francisco,  Cal.  '04 

*Drummond,  Qeoboe  £.,  Iron  Mnfr.,  Boom  70,  Canada  life  Bldg., 

Montreal,  Canada.  '94 

*Drummond,  John  J Midland,  Ontario,  Canada.  '98 

^Drummond,  Thomas  J.,  Iron  Mnfr.,  Dir.  Canada  Iron  Furnace  Co.,  Ltd., 

Montreal,  Canada.  '94 
**DRnBCMOND,  Thomas  Bubsell,  Mine  Surveyor, 

Dominion  Copper  Co.,  Ltd.,  Greenwood,  B.  C,  Canada.  '89 
*Drury,  Walter  M.,  Min.  Engr.,  Velardefia  Mining  &  Smelting  Co., 

Velardefia,  Durango,  Mexico.  '04 

**DuBoi8,  Prof.  Aug.  Jay New  Haven,  Conn.  '76 

*DuBois,  Ernest,  Genl.  Mgr.,  Mexican  Gold  &  Silver  Recovery  Co.,  Ltd., 

la  Independencia  No.  36,  Mexico  City,  Mexico.  '04 

*DuBois,  Howard  W.,  Min.  Engr 802  Harrison  Bldg.,  Philadelphia,  Pa.  '94 

*DuDOBON,  Norman,  Care  E.  J.  Kennedy,  Abongrove,  Chertsey, 

Surrey,  England.  '02 

**Dudley,  Dr.  Charles  B.,  Chem Pennsylvania  R.R.  Co.,  Altoona,  Pa,  '78 

♦Dudley,  P.  H 80  Pine  St.,  New  York,N.  Y.  '76 

**DuDLEY, William  L.,  Prof. ,  Chem., Vanderbilt  University,  Nashville, Tenn.  '84 

♦DuESLBR,  W.  B Victoria,  Donana  Co.,  New  Mexico.  '08 

fDu  Faur,  John  B.,  Min.  and  Elec  Engr.,  Mount  Morgan  Gold 

Mining  Co.,  Ltd.,  Mount  Morgan,  Queensland,  Australia,  '06 
*DuFFUS,  John  W.,  Representative  Compania  Metalurgica  de  Torreon, 

S.  A.,  Guanacevi,  Durango,  Mexico.  '06 
♦DupouRCQ,  Edward  L.,  Min.  Engr., 

4  and  6  Produce  Exchange  Bldg.,  New  York,  N.  Y.  '98 
♦DuGQAN,  George  H.,  3d  Vice-Prest,  Dominion  Coal  Co.,  Ltd., 

Glace  Bay,  Nova  Scotia.  '02 
*Dumble,  Edwin  T.,Geol.,  Southern  Pacific  Ry.  Co., 

1306  Main  St.,  Houston,  Texas.  '90 

**DuM0NT,  John  M 1434  Humboldt  St.,  Denver,  Colo.  '82 

♦Duncan,  Gustavxjs  A.,  Min.  Engr.,  Genl.  Mgr., 

Gilt  Edge  Maid  Gold  Mining  Co.,  Dead  wood.  So.  Dak.  '02 

♦Duncan,  M.  M.,  Mine  Mgr.,  Cleveland  Cliffs  Iron  Co Ishpeming,  Mich.  '84 

♦Dunham,  Lewis  A.,  Cons.  Engr 318  Dwight  Bldg.,  Kansas  City,  Mo.  '99 

♦Dunham,  Lewis  E.,  Mgr Care  M.  A.  Hanna  &  Co.,  Cleveland,  Ohio.  '90 

♦DuNKLE,  George  F.,  Min.  Engr 921  Pine  Street,  Philipsburg,  Pa.  '06 

tDuNLAP,  Thomas P.  O.  Box  298,  Doylestown,  Pa.  '81 

♦DuNSHBE,  B.  H.,  Supt.  of  Mines Box  415,  Butte,  Mont.  '90 

♦DuNSTAN,  Alfred  J.,  Min.  Engr.,  Supt.,  Lachlan  Gold  Fields,  Ltd., 

Forbes,  New  South  Wales,  Australia.  '90 

♦DuNYON,  Newton  A.,  Min.  Engr. 23  H  St.,  Salt  Lake  City,  Utah.  '98 

♦DuPoNT,  T.  C,  Explosives Wilmington,  Del.  '97 

♦DuRANT,  Henry  T.,  Cons.  Met.  and  Engr.,  P.  O.  Box  153, 

Bulawayo,  Bhodesia,  So.  Africa.  '02 
♦DuRELL,  Charles  T.,  Genl.  Mgr.,  Chicago  &  Montana  Gold  Mining  Co., 

Lewuton,  Mont,  or  Box  631,  Denver,  Colo.  '03 

♦DxjRHAM,  Edward  B.,  Min.  Engr... Care  Trenton  Iron  Co.,  Trenton,  N.  J.  '00 

♦DwELLE,  Jesse  E.,  Min.  Engr.  and  Met...  2244  Gay  lord  St,  Denver,  Colo.  '98 
♦♦D WIGHT,  Arthur  S.,  G«nl.  Mgr.  and  Asst  to  the  Prest, 

Greene  Cons.  Copper  Co.,  Cananea,  Sonora,  Mexico.  '86 

♦DwiGHT,  E.  W 407  Library  St,  Philadelphia,  Pa.  '04 
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*DwiGHT,  Theodore,  Asst  Secy.,  American  loatitute  of  Mining  EngineerB, 

09  John  Street,  New  York,  N.  Y.    '92 
*Dyck£BHOFF,  Obcab  L.  W.y  Managing  Director  of  ''The  Metallurgiache 

GesellfichaftA.G.,"  14,  Junghofstrasse,  Frankfort-on-the-Main,  Germany.     '04 
*Dy80N,  jAiiES,  Civ.  and  Min.  Engr.,  U.  S.  Deputy  Mineral  Surveyor, 

1437-1447  Beese  St,  Silverton,  Colo.    '00 
**Dybon,  Thomas  Iwglkby,  Met.,  The  Lloyd  Copper  Co.,  Ltd., 

finrraga,  New  South  Wales,  Australia.     '97 

•Eam,  Norms  E.,  Mine  Supt.,  Gold  Dollar  Mine Victor,  Colo.     '05 

*Eaoan,  Charles  E.,  Min.  Engr Goldfield,  Nevada.    '04 

*Eames,  Bichabd,  Jr.,  Min.  Engr Salisbury,  N.  C.    '88 

*£arle,  Frank  C,  Mgr.,  El  Paso  Smelting  Works,  Cons.  Kansas  City 

Smelting  &  Refining  Co.,  Ei  Paso,  Texas.     '84 
*Early,  Charles  H.,  Supt  of  Shaft  Works,  New  Jageisfontain 

Diamond  Mining  &  Exploration  Co.,  Jagensfontain,  Orange  River 

Colony,  So.  Africa.     *04 
*£ast£RBR00K,  Frank  D.,  Supt  of  Silver  Refinery, 

Raritan  Copper  Works,  Perth  Amboy,  N.  J.    '02 
*£aston,  Stanley  A.,  Min.  Engr.,  Mgr.,  Bunker  Hill  and  Sullivan  Mining 

and  Concentrating  Co.,  Kellogg,  Idaho.    '98 
*£aton,  LudEN,  Min.  Engr.,  Cleveland  Cliffs  Iron  Co.,  Ashland  Mine, 

Ironwood,  Mich.    '01 
*Eaven80N,  Howard  N.,  Chief  Engr.,  U.  S.  Coal  and  Coke  Co., 

Gary,  McDowell  Co.,  W.  Va.     '00 
*Eberhardt,  William  G.,  Min.  Engr.,  Supt,  Pulaski  Mining  Co., 

Pulaski,  Va.     '00 
*£cKEELDT,  Howard,  Asst  Prof,  of  Min.  Engineering, 

Lehigh  University,  So.  Bethlehem,  Pa.    '02 
*£de,  J.  A.,  Min.  Engr.  and  Supt  of  Mining  Dept, 

Illinois  Zinc  Co.,  Peru,  Ills.     '93 

*Edi80N,  Thomas  A.,  Elect  Engr.  and  Inventor Orange,  N.  J.    '89 

^Edolb,  J.  H.,  Mine  Mgr Kalgoorlie,  Western  Australia.     '98 

^Edsall,  Burroughs,  Min.  Engr 225  Addison  Ave.,  Palo  AJto,  Cal.    '04 

*£dward8,  Adelbert  D.,  Mine  Cashier,  Atlantic  Mining  Co.,  eta, 

Atlantic  Mine,  Mich.     '95 
*EdwardS)  Arthur  J.,  Met,  The  RossmanCo.,  801  Guaranty  Bldg., 

Minneapolis,  Minn.    '01 
*£d WARDS, Henry  W.,  Met  Engr.,  Supt,  Grand  Junction  Smelting  Co., 

Grand  Junction,  Colo.     '98 

♦•Edwards,  J.  Warner 1420  So.  Fifteenth  St,  Denver,  Colo.    '76 

♦Edwards,  Richard  M.,  Min.  Engr.,  Isle  Royale  Copper  Co., 

Houghton,  Mich.    '86 

♦Edwards,  Robert  L.,  Mine  Mgr Ulysses,  Idaho.    '04 

♦♦Edwards,  William  S.,  Prest.  and  Genl.  Mgr.,  The  Franklin  Zinc  Co., 

Room  804,  116  Nassau  St,  New  York,  N.  Y.    '93 
♦Ehrich,  Walter  L.,  Assayer,  Asst  Supt,  Minos  Jibosa  y  Anezas,  Jimines, 
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*£llebbeck,  T.  R,Mgr.,  Utah  Fire  Clay  Co., 

53  W.  Second  South  St.,  Salt  Lake  aty,  Utah. 
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England. . 
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Dawson,  Yukon  Territory. 
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♦Emery,  A.  Bachelder,  Min.  Engr., 

Minas  Tecolotes,  y  Anexas,  Santa  Barbara,  Chihuahua,  Mexico. 
♦Emerson,  Edward  H.,  Min.  Engr.,  Care  £1  Cobre  Mines, 

Santiago  de  Cuba,  Cuba. 
♦Emlaw,  Harlan  S.,  Engr.,  Asst.  Supt.,  Cerro  de  Pasco  Mining  Co., 

Cerro  de  Pasco,  Peru,  So.  America. 

♦Emmens,  Newton  W.,  Min.  Engr Room  J,  Park  Bldg.,  Pittsburg,  Pa. 

♦Emmerich,  L.  O.,  Min.  Engr. Hazleton,  Pa. 

♦Emmerton,  F.  a..  Anal.  Chemist  and  Met., 
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1330  F.  St,  Washington,  D.  C. 

♦Emrich,  Horace  H 108  Water  St,  Perth  Amboy,  N.  J. 

♦Emrib,  Almon,  Supt,  Milwaukee  Works,  Allis-Cbalmers  Co., 

Milwaukee,  Wis. 
♦Enoel,  Eonrad,  Bergmeister,  Care  Bergban  Verein,  Friedrichstrasse  2, 
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♦Enoelhardt,  Ernest  C,  Met 253  Logan  Ave.,  Denver,  Colo. 
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*£NOiiiBH,  NoBBis,  Min.  Engr.,  Care  Darien  Gold  Mining  Co.,  Ltd., 

Cana,  fiepublic  of  Panama,  Central  America.  '01 

*Ebchxb,  Fkaite Eidg.  Bergwerkainspektor,  Clarens,  Switzerland.  '99 

*Ebfinoba,  Luis San  Felipe  de  Jeaus  11,  Mexico  City,  Mexico.  '02 

*£a9EL8TYN,  JoHN  N.,  Min.  Engr.,  Care  Leiser-Hendryx  Inveatment  Co. 

of  Sumpter,  Oregon,  Baker  City,  Oregon.  '97 

«E9TEBLT,  Geoboe  M.,  Mine  Operator Valdes,  Alaska.  '04 

♦EuBiCH,  E.  F.,  Met.  Engr 15  WilUam  St.,  New  York,  N.  Y.  '74 

tEusTis,  Augustus  H.,  Min.  Engr 131  State  St,  Boston,  Mass.  '02 

»Eu8TiB,  Fbedekiok  A.,  Min.  Engr. P.  O.  Box  1422,  Boston,  Mass.  '02 
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*EvANB,  David  T.,  Genl.  Mgr.,  Mt.  Carbon  Co.,  Ltd Powellton,  W.  Va.  '99 

*EyANS,  Gboboe  H.,  Civ.,  Min.  and  Mech.  Engr Breckenridge,  Colo.  '98 

^EvAns,  Herbert  A.,  Min.  Engr., 

Care  Senor  J.  M.  Bestrepo,  Honda,  Colombia  So.  America.  '94 

*£vAN8,  S.  G.,  Min.  Engr. Instructed  to  hold  all  maiL  '00 

*EyELAin>,  Arthur  J.,  Economic  Geologist,  Department  of 

the  Interior,  Mining  Bureau,  Manila,  Philippine  Islands.  '03 

*EvELETH,  J.  E.,  Min.  Engr Apartado  226,  Chihuahua,  Mexico.  '87 

*EvsBBi>,  NuTCOMBE  J.,  Asst  Mgr.,  Waihi  Gold  Mining  Co.,  Ltd., 

Waihi,  Auckland,  New  Zealand.  '04 

*Eye,  Clyde  M.,  Care  M.  Clark Manila,  Philippine  Islands.  '98 

*£tnok,  David  L.  L.,  Asst  to  Boll  Designer,  800  Richmond  St, 

Philadelphia,  Pa.  '02 
*£tnok,  Thomas  M.,  Genl.  Mgr.,  The  Eynon-Evans  Mnfg.  Co., 
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*£ybe,  William  P.,  Supt...Buena  Vista Sm.  &  Bef.  Co.,  Buena  Vista,  Colo.  '00 

**Fagkenthal,  B.  F.,  Jb.,  Prest.,  Thomas  Iron  Co Easton,  Pa.  '80 

*Fagkenthal,  John  S Easton,  Pa.  '87 

*FACX££rrHAX,  Michael,  Mgr.,  Peter  Cooper  Glue  Factory, 

Gkirdner  and  Maspeth  Aves.,  Brooklyn,  K.  Y.  '80 
*Faibbaibn,  Alah  J.,  Min.  Engr.,  89  Onslow  Gardens,  London,  S.  W., 

England.  '02 

*Fairbairn,  ChablesT.,  Mine  Supt Virginia,  Minn.  '05 

*Faibbakk,  Wallace,  Min.  Engr.  and  Met,  Secy,  and  Treas., 

Santa  Fe,  Presoott  and  Phoenix  By.  Co.,  Prescott,  Ariz.  '96 
**Faibchild,  Sidney  a.,  Min.  Engr.,  Calle  Hospital  No.  2,  Monterey, 

Nueva  Leon,  Mexico.  '98 
**Faibohild,  S.  E.,  Jb.,  Civ.  and  Min.  Engr., 

Booms  306-308,  Franklin  Bldg.,  133  South  12th  St,  Philadelphia,  Pa.  '98 

*Faloo,  Achille,  Min.  Engr Los  Angeles,  OaL  '99 

♦Falding,  Fbederic  J.,  Cons.  Chem.  Engr.. .55  Broadway,  New  York,  N.  Y. '  '84 

♦Falkmah,  Oscar 231  Union  St,  Brooklyn,  N.  Y.  '05 

*FAirEf  Herbert  W.,  Min.  Engr.,  Mina  de  San  Domingos, 

Mertola,  Portugal.  ^04 

*Farish,  George  E.,  Min.  Engr 517  Cooper  Bldg.,  Denver,  Colo.  '05 

*F arise,  John  B.,  Min.  Engr 517  Cooper  Bldg.,  Denver,  Colo.  '88 

*Fab»T7M,  £[erbebt  C,  Treas.  and  G^nl.  Mgr.,  The  Mineral  Bange  Iron 

Mining  Co.,  1014  Chamber  of  Commerce,  Detroit,  Mich.  *03 

*Fabbel,  Franklin,  Prest.... Farrel  Foundry  &  Mach.  Co.,  Ansonia,  Conn.  '90 
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*Farkbll,  Austin,  Mgr. ,  Blast  Furnaces,  Pioneer  Iron  Go. .  Marquette,  Mich.    '80 
*Fa88|btt,  Chableb  M.,  Aflsayer  and  Metallargist, 

702  Main  Ave.,  Spokane,  Waah. 

♦FASSiBTT,  Newtok  C,  EngT.  and  Surveyor Tonopah,  Nev. 
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4  Threadneedle  St,  London,  £.  C,  England. 
*Fat,  Albert  H.,  Min.  Engr., 

811  Livingston  Hall,  115th  St.  and  Amsterdam  Ave.,  New  York,  N.  Y. 
*Feabn,  Percy  L.,  Cons.  Min.  Engr.,  Care  United  Mines  Co., 

36  Wall  St,  New  York,  N.  Y. 
'^Fegbaeus,  Tobbbn,  Doctor  of  Science,  Chief  Geol.,  Nobel  Works, 

Baku,  Caucasus,  Bussia. 
♦Feldtmann,  W.  R.,  Cons.  Min.  Engr., 

132  Salisbury  House,  London  Wall,  London,  E.  C,  England. 

*Fbll,  E.  Nelson,  Min.  Engr. 31  Walbrook,  London,  E.  C,  England. 

*Felton,  Edoab  C,  Prest,  Pennsylvania  Steel  Co.,  300  Girard  Bldg., 

Philadelphia,  Pa. 

*Fi!^NBR,  Clarence  N.,  Min.  Engr Albion  Place,  Patenon,  N.J. 

*Fera,  Cisare,  Engineer,  Supt  of  Steel  Works Savona,  Italy. 

*Feroie,  Charles,  Min.  Engr.,  Yice-Prest.  and  Genl.  Mgr.,  Intercolonial 

Coal  Mining  Co.,  Ltd.,  Westville,  Nova  Scotia. 

*Feroie,  Qboroe,  Min.  and  Civ.  Engr Copiapo,  Chili,  So.  America. 

fFEROUSON,  John  L.,  Treas.,  Wm.  H.  Hoskins  Co.,  904  Chestnut  St, 

PhiUidelphia,  Pa. 
^Ferguson,  Vincent,  BesidentMgr.,  U.  S.  Cast  Iron  Pipe  and  Foundry  Co., 

Bessemer,  Ala. 

♦Ferguson,  Walton,  Merchant 16  William  St,  New  York,  N.  Y. 

♦Ferousson,  Hugh  B.,  Mine  Surveyor, 
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♦Fergusbon,  James Gawler,  South  Australia. 

ttFERNOW,  B.  E.,  Cons.  Forest  Engr Ithaca,  N.  Y. 
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Box  129,  Montpelier,  Idaho. 
*Ferry,  Charles,  Met  and  Chem.,  Bridgeport  Brass  Co.,  Bridgeport,  Conn. 
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fFiELD,  Edward  M.,  Jr.,  Mine  Surveyor Instructed  to  hold  all  mail. 
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*FiELD,  Herbert  E.,  Met.. .Care  Mackintosh-Hemphill  Co.,  Pittsburg,  Pa. 
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36  Wall  St,  New  York,  N.  Y. 
^Fielding,  Charlis  W.,  Min.  Engr.,  Blake  Hall,  Ongar,  Essex,  England. 
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*Figari,  Alberto,  Min.  Engr Apartado  406,  Lima,  Peru,  So.  America. 

♦Filer,  Walter  G.,  Vice-Prest.  and  Genl.  Mgr.,  Twin  Falls  Land  and 

Water  Co.,  221  a  W.  Temple  St,  Salt  Lake  City,  Utah. 

*FiLLM0RE,  Edgerton  E.,  Miu.  Engr. Aspinwall,  Pa. 

♦Finch,  H.  Wynne,  Min.  Engr.,  New  University  Club, 

St  James  St,  S.  W.,  London,  England.     '93 
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*FiNCH,  JoHir  W.,  Min.  Engr.  and  State  Geol., 

Jacobeon  Bldg. ,  Denver,  Colo,    '00 
*FiNDLAY,  Jambb,  Min.  Supt....l285  Pacific  St.,  Vancouver,  B.  C,  Cftnada.    '05 

*FiNi«AT,  Jamzs  Balph 526  Mesa  Road,  Colorado  Springs,  Colo.    '95 

*FiKLBY,  WAI.TER  H.,  Supt,  Atpontley  Coal  Co., 

Atpontlej,  Bledso  Co.,  Tenn.     '03 
fFiNNET,  Chablbb  R,  Prest,  General  Metals  Co., 

71  Broadway,  New  York,  N.  Y.    '97 

*FiBMST0irE,  Frank Easton,  Pa.    '71 

*FiRMSTONE,  Hasry,  Prest.,  Longdale  Iron  Co.,  Boom  522, 

608  Chestnut  St. ,  Philadelphia,  Pa.    '75 

*FiSGHEB,  LuDWiG  F.,  Mining Calle  Venero  7,  Mexico  Citj,  Mexico.     '03 

^FisHBUBK,  Randolph  R,  Min.  Engr 36  Qark  St.,  Chicago,  111.     '00 

*Fi8HEB,  Thomas,  Genl.  Supt.,  Berwind-White  Coal  Mining  Co., 

305  Betz  Bldg.,  Philadelphia,  Pa.    '89 

♦FiBHBB,  WrLUAM  B.,  Min.  Engr.,  201  Kohl  Bldg San  Francisco,  Cal.     '92 

*Fi8K,  James  H.,  Min.  Engr.  and  Anal.  Chemist,  State  Mineralogist, 

204}  Washington  St.,  Portland,  Oregon.    '00 
*FiTCH,  Fbank,  Cyanide  Chem.,  Black  Mountain  Min.  Co., 

Magdalena,  Sonora,  Mexico.    '05 
*»FiTCH,  Max  B.,  Supt,  Graphic  Smelting  Works.... Socorro,  New  Mexico.     '98 

*FiTCH,  Walteb,  Mine  Mgr Salt  Lake  City,  Utoh.     '05 

*FiTZGEBAi.D,  J.  Morton,  Care  B.  Nicoll  &  Co.,  69  and  61  Wall  St., 

New  York,  N.  Y.     '01 
^FrrzGEBAU),  Thomas  F.  M.,  Mine  Supt.  of  Federal  Lead  Cc's  Mines, 

Flat  River,  Mo.    '05 
*FiTZBiMMONS,  Fbancis  J.,  Engr.,  Care  Field  &  Co., 

Cananea,  Sonora,  Mexico.     '98 
^Flack,  Charles  L.,  Chem.,  Atha  Works,  Crucible  Steel  Co.  of 

America,  Harrison,  N.  J.    '90 
*Flagg,  Stanley  G.,  Jr.,  Stanley  G.  Flagg  &  Co.,  424  N.  19th  St.,   ' 

PhUadelphia,  Pa.    '92 
*Flahebtt,  Robebt  H.,  Min.  Engr.,  Supt.  of  Explorations, 

Cartier  Mining  Co.,  Port  Arthur,  Ontario,  Canada.    '93 

♦Fleming.  Edwabd  P.,  Min.  Engr P.  O.  Box  354,  San  Diego,  Cal.    '02 

♦Fleming,  Henry  S.,  Cons.  Engr 1  Broadway,  New  York,  N.  Y.    '03 

♦Fleming,  John  B.,  Mech.  Engr.,  Care  San  Francisco  Construction  Co., 

Fallon,  Nev.     '97 
♦Fleming,  William  L.,  Sapt.,  Butte  Mine,  National  Copper  Co., 

Springdale,  Wash.     '03 
♦Flebchhutz,  John  C,  Min.  and  Cons.  Engr.,  The  Roderick  Dhu 

Gold  Mining  Co. ,. Central  City,  Colo.  '03 
♦Fletcher,  Charles  R.,  Min.  Engr.,  534  Stimson  Bldg.,  Los  Angeles,  Cal.  '85 
♦Fletcher,  Louis  E.,  Met,  Care  Progreso  Mining  Co.,  La  Paz, 

Lower  California,  Mexico.     '05 
♦Fluker,  Wm.  H.,  Min.  Engr.,  Genl.  Mgr.,  Columbia  Mining  Co., 

Thomson,  Ga.     '02 
♦♦Flynn,  Francis  N.,  Chem.,  Fundicion  Trojes,  Ocampo,  Michoacan, 

Mexico.    '98 

♦FoGH,  H.  P Seattle,  Wash.    '9» 

♦♦FoHR,  Franz,  Min.  Engr.  &  Met.,  Room  617,  132  Nassau  St., 

New  York,  N.Y.    '75 
♦FoHS,  F.  Julius,  Geol Marion,  Ky.    '04 
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*FooTE,  Arthur  B.,  Aaet.  Supt.,  North  Star  Mines  Co...Gra«8  Valley,  Cal.    '05 
•Foots,  Arthur  De  W.,  Civ.  Engr.,  Genl^Mgr.,  North  Star  Mines  Co., 

Grass  Valley,  CaL     '00 
*FooTE,  Charlbb  H.,  Late  First  Vice-Prest  Illinois  Steel  Co., 

4842  Washington  Ave.,  Chicago,  III.     '88 

•FooTE,  EuERSOK  L 5883  Bartmer  Ave.,  St  Louis,  Mo.    '82 

♦FoRBBB,  David  I*  H.,  Min.  Engr Clifton,  Ariz.    '04 

**FoRBB8,  Donald  Gordon,  Min.  Engr.  and  Met, 

Shillingstone,  Blandford,  England.    '94 
*FoRBE8,  Paul  R.,  Met.,  Care  J.  M.  Forhes  <&  Co.,  614  Sears  Bldg., 

Boston,  Mass.     '95 

*FoRD,  Edvtard  L.,Genl.  Mgr.,  Youngstown  Steel  Co Youngstown,  Ohio.    '79 

♦Ford,  Nile  O.  8.,  Min.  Engr Address  wanted.    '04 

♦FoRDYOE,  John  R.,  Vice-Prest  and  Genl.  Mgr.,  Thomas  Fordyce  Mfg.  Co., 

2115  Broadway,  Little  Bock,  Ark*    '92 
♦♦Forrester,  Robert,  Geol.  and  Chief  Engr.,  Utah  Fael  Co., 

P.  O.  Box  1254,  Salt  Lake  aty,  Utah.     '02 
tFoRSMAN,  Stanton  W.,  Care  Cal.  Gold  Mining  Co.  of  Nova  Scotia, 

Melrose,  Nova  Scotia.     '03 
♦Forsyth,  Alexander,  Min.  Engr.  and  Met, 

The  Taylor  Park  Min.  Co.,  Dorchester,  Colo.     '97 

♦Forsyth,  Robert,  Cons.  Engr 1159  The  Rookery,  Chicago,  111.    '75 

♦FoRSYTHE,  Robert  J ..1406  Real  Estate  Trust  Bldg.,  Philadelphia,  Pa.    '96 

♦Foster,  Ernest  Le  NEyE,Min.  Engr 47  Bank  Block,  Denver,  Colo.    '75 

♦Foster,  Floyd  J.,  Sapt,  Guggenheim  Exploration  Co., 

Villaldama,  Nueva  Leon,  Mexico.     '02 

tFosTER  George  C,  Student 1723  Tremont  St,  Denver,  Colo.    '03 

tFoCTER,  Lewis  E.,  Min.  Engr Care  C  C.  Foster,  Mason,  Mich.    '03 

tFosTER,  Oscar  R.,  Chem 910  Ann  St,  Homestead,  Pa.    '99 

♦Foster,  Philip  L. 11  Comhill,  London,  E.  a,  England    '96 

♦Foster,  Rufus  J.,  Vice-Prest  International  Text  Book  Co Scranton,  Pa.    '90 

♦FoucAR,  Edouard  L.,  Min.  Engr Stems,  Roger  &  Co.,  Denver,  Colo.    '85 

♦Fowler,  Edward  J.,  Met 719  Cole  Street,  San  Francisco,  Cal.    '00 

♦Fowler,  Samuel  S.,  Cons.  Engr.,  Mgr.,  London  &  British  Columbia 

Goldfields,  Ltd.,  etc..  Drawer  1024,  Nelson,  B.  C,  Canada.    '92 
♦Fox,  Alfred,  Jr.,  Genl.  Mgr.  and  Chief  Engr.  of  Mines, 

Care  J.  R  Harmsen,  Agent  to  the  Caylloma  Silver  Mining  Co., 

Areguipa,  Peru,  South  America.     '05 
♦♦Frames,  Minett  E.,  Cons.  Geol., 

Box  8,  Johannesburg,  Transvaal,  South  Africa.     '05 
♦Francis,  George  G.,  Min.  Engr.,  12  Cliffords  Inn,  Fleet  St., 

London,  England.    '80 

♦Francis,  Lewis  W Room  1306,  71  Broadway,  New  York,  N.  Y.    '89 

fFRANCK,  Albert  C,  Min.  Engr., 

Care  Barstow  Mining  &  Milling  Co.,  Ouray,  Colo.     '04 
♦Franck,  Robert  P.,  Engr.,  La  Cia  Minera  del  Picacho,  Bacoachi, 

Sonora,  Mexico,  via  Naco,  Ariz.     '04 
♦♦Francklyn,  Charles  G.,  Vice-Prest,  Central  Union  Gas  Co., 

360  Alexander  Ave.,  New  York,  N.  Y.     '80 
♦Frank,  Alfred,  Civ.  and  Min.  Engr.,  Montana  Ore  Purchasing  Co., 

Butte,  Mont    '03 
♦Frank,  Harry  L.,  Min.  Engr 626  16th  Ave.,  Denver,  Colo.    '08 
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*Franks,  Emil  a.,  Min.  Engr 519  Cleveland  Ave.,  Chicago,  HL    '02 

•FaAflCH,  H.,  Oil  Refiner 681  Euclid  Ave.,  Cleveland,  Ohio.    '93 

*Fraseb,  Alexaitder,  Met,  Great  Boalder  Mine, 

Boulder,  Western  Australia.     '04 
**Fba8EB,  John  H.,  Min.  Engr.,  Cftre  South  American  Development  Co., 

Apartado  336,  Quayaquil,  Ecuador,  South  America,    '04 
*Fra8sb,  J.  Dix,  Asst  Director  of  Works,  Dominion  Iron  &  Steel  Co., 

Sjdnej,  Cape  Breton,  Nova  Scotia.     '94 
**Fbazer,  DB.PEBsiFOR,Oeol.  &  Chem.,  1042  Drexel  Bldg., Philadelphia,  Pa.    '71 

♦Fbazibb,  William  T 3221  Ellis  St,  South  Berkeley,  Oal.    '03 

^Frechevills,  Robebt  J.,  Min.  and  Cons.  Engr.,  7  Lothbury, 

London,  E.  C,  England.    '84 
**Fbecheyille,  William,  Min.  Engr.,  35  Queen  Victoria  St, 

London,  R  C,  England.    '84 
*Fbeeland,  Francis  T.,  Min.  and  Mech.  Engr., 

University  Club,  Denver,  Colo.  '85 
*Freeland,  William  H.,  Qenl.  Mgr.,  D.  S.  Coal  &  liou  Co.,  Isabella,  Tenn.  '01 
^Freeman,  Ambrose  W  ,  Min.  Engr.,  Falmouth  Chambers, 

117  Pitt  St,  Sydney,  New  South  Wales,  Australia.     '05 
*Frbbman,  Stanton  S.,  Supt  of  Furnaces,  Carbon  Iron  A  Steel  Co., 

ParryviUe,  Pa.  '01 
*Feemersdorf,  William  F.,  Min.  Engr.  and  Met., 

933  Ninth  St,  San  Diego,  Cal.     '05 
*Frbtmouth,  William  A.,  Mine  Mgr.,  Genl.  Mgr.,  The  Burma  Mines 
Development  &  Agency,  Ltd.,  West  Moat  Boad,  Mandalay, 

Burma,  India.    '05 

♦Frick,  H.  C,  Coke  Mnfr Carnegie  Bldg.,  Pittsburg,  Pa.    '79 

*Frigke,  F.  G.,  Analytical  and  Cons.  Chemist... BisBell  Block,  Pittsburg,  Pa.    '79 

*Frioke,  John  H.,  Mining Bisbee,  Ariz.    '88 

*Fritz,  John : Bethlehem,  Pa.    '72 

*Froehling,  Henry,  Chem.  and  Min.  Engr.,  17  S.  Twelfth  Street, 

Itichmond,  Va.  '90 
*Fro68Abd,  John  D.,  Cons,  and  Min.  Engr...Orthez,  Basses-Pyrenees,  France.  '85 
*FncHS,  Fernando  C,  Min.  Engr.,  Sociedad  de  Ingenieros, 

Apartado  981,  Lima,  Peru,  So.  America.     '02 
^FuENTE,  Jesus  de  la.  Surveyor,  Member  of  State  Congress, 

Nadadores,  Coahuila,  Mexico.     '02 

♦FuLLBB,  C^hables  D.,  Chemist Latrobe,  Pa,     '06 

*FuLLEB,  Edwabd  L.,  Prest,  International  Salt  Co Scranton,  Pa.     '04 

*FnLLEB,  Fbedebick  D.,  Genl.  Mgr.,  Oregon  Smelting  &  Refining  Co., 

Sumpter,  Oregon.     '04 
*FuLLEB,  Jambb  W.,  Genl.  Mgr.,  McEee,  Fuller  &  Co.  Car  Wheel  and 

Axle  Wks.,  Catasauqua,  Pa.     '94 
*FuLLEB,  James  W.,  Jb.,  Secy,  and  Treas.,  Lehigh  Car  Wheel  and 

Axle  Co.,  Catasauqua,  Pa.    '94 
*FuLTOK,  Chables  H.,  Prof,  of  Min.  and  Met, 

South  Dakota  State  School  of  Mines,  Rapid  City,  So.  Dak.     '08 

*FuLT0N,  John,  Min.  Engr 136  Park  Place,  Johnstown,  Pa.    72 

*FuLT0N,  Thomas  T.,  Met,  The  Dominion  Antimony  Co.,  Ltd., 

West  Gore,  Nova  Scotia.    '05 
^FuBNEBS,  Dwioht,  Merchant  and  Miner,  The  Dwight  Fumess  Co., 

Guanajuato,  Mexico.    '02 
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*FuB]ncs8,  James  W.,  Assajer  and  Ghem., 

460  Bullitt  Bldg.,  Philadelphia,  F^    '00 
*Fu8Z,  Paul  A.,  MiniDg 422  Security  Bldg.,  St  Louia,  Mo.    '79 

*QAQEf  Edward  C,  Min.  Engr., 

^  Huahuapan  Mining  Co.,  San  Demaa,  Darango,  Mexico.    '05 

**^Gaoe,  Elifhalbt  B.,  Prest,  Congress  Gold  Co.  and  Tombstone  Cons. 

Mines  Co.,  Ltd.,  Tombstone,  Ariz. 

*Gagb,  Bobsbt  B.,  Chem.  and  Min.  Engr Titasville,  Pa. 

fOAiNEB,  Ambbose  P 119  N.  Spruce  St,  Nashyille,  Tenn. 

*Gallaoheb,  James  B.,  Mgr.,  Colo.  Smelting  &  Mining  Co... .Butte,  Mont 
^AiiLWAY,  Harby  A.,  Gen.  Mgr.,  Parrot  Silver  &  Copper  Co..Butte,  Mont. 
*Gabcia,  Estebak,  Mine  Mgr... P.  O.  Box  20,  Parral,  Chihuahua,  Mexico. 
Garcia,  John  A.,  Min.  Engr.,  Chief  Engr., 

Deering  Coal  Co.,  Old  Colony  Bldg.,  Chicago,  IlL 
*Garcia,  Telebforo,  Engineering,  Sta.  Teresa  2,  Apartado  463, 

Mexico  City,  Mexico. 
*Garf£eij>,  Alexander  S., 

67  Avenue  de  Malakoff,  16e  Arrono,  Paris,  France. 

*Garfield,  Charles D P.O.  Box  293,  Nome,  Alaska. 

*Gablichs,  Herman,  Supt.  and  Met.,  Lead  Dept.,  Perth  Amboy  Plant, 

American  Smelting  &  Refining  Co.,  Maurer,  N.  J. 
^ARRETSON,  OLIVER  S.,  Prest,  Garretsou  Southern  Furnace  Co., 

790  Ellicott  Sq.,  Buffalo,  N.  Y. 

*Garrbtt,  WiLLLUi  W.,  Met Rolla,  Mo. 

*Garrey,  George  H.,  Min.  GeoL, 

Boom  331,  U.  S.  Geological  Survey,  Washington,  D.  C. 
^Garrison,  F.  Lynwood,  Min.  and  Civ.  Engr., 

726  Drexel  Bldg.,  Philadelphia,  Pa. 
*Garth WAITS,  E.  H.,  fiesident  Min.  Engr.,  British  South  Africa  Co., 

Box  186,  Bulawayo,  Bhodesia,  So.  Africa. 

^Garvin,  Charles  J.,  Min.  Engr 1761  Washington  Ave.,  Denver,  Colo. 

^Garyin,  John  M.,  Furnace  Mgr.  Brass  Fdy.  &  Mach.  Co.,  Rock  Bun,  Ala. 
tGARY,  Elbebt  H.,  United  States  Steel  Corporation, 

71  Broadway,  New  York,  N.  Y. 

*Gabza-Aldafe,  J.  M.,  Min.  Engr Torreon,  Coahuila,  Mexico. 

*Gatch,  Eli  as  S.,  Mining  and  Smelting,  Q&al.  Mgr., 

Granby  Mining  &  Smelting  Co.,  St  Louis,  Mo. 
f Gates,  J.  W.,  Min.  and  Mech.  Engr.,  Mine  and  Smelter  Supply  Co., 

17th  and  Blake  Sts.,  Denver,  Colo. 
*Gatzmer,  William  C,  Civ.  and  Mech.  £ngr.....Tacony,  Philadelphia,  Pa. 
*Gaujot,  Claude  L.,  Civ.  and  Min.  Engr.,  Ohio  &  Big  Sandy  Coal  Co., 

Williamson,  W.  Va. 

*Gay,  Ware  R,  Mayo  Land  and  Bridge  Co Jftichmond,  Va. 

*Gayhart,  Walter  C,  Min.  Engr.,  Met.  and  Atty.  at  Law, 

209  Huron  St.,  Toledo,  Ohio. 
♦Gayley,  James,  Ist  Vice-Prest.,  United  States  Steel  Corporation, 

71  Broadway,  New  York,  N.  Y. 
*Gaylord,  Frank  B.,  Blast  Furnace  Mgr.,  Deseronto  Iron  Co.,  Ltd., 

Deseronto,  Out,  Canada. 

**Gazzam,  Joseph  P.,  Min.  Engr.,  Genl.  Mgr.,  Simmer  &  Jack  Proprietary 

Mines,  Ltd.,  P.  O.  Box  192,  Germiston,  Transvaal,  So.  Africa. 
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«Geb,  £ME|tsoN,  Cons.  Engr. 534  So.  Hill  St.,  Los  Angeles,  GaL    '08 

*Gkisendobfeb,  Henrt  a.,  Min.  Engr.,  Lassen  Mining  Co., 

Hay  den  Hill,  Lassen  Co.,  Gal.    '03 
*^EiCMEiiL,  KobebtC,  Civ.  and  Min.  Engr.,  Guggenheim  Exploration  Co., 

Bonanza  7  Anexas  Mines,  Bonanza,  Zacatecas,  Mexico.    '03 

*Gender,  Harry  W.  C 2820}  Bush  St„  San  Francisco,  Cal.    '04 

**Genwb8,  a.  a.  db,  Cons.  Min.  and  Civ.  Engr., 

25  Rue  Raffet,  Paris,  XVIe,  France.    '02 
*Geoohek,  Bobert  H.,  Min.  Engr., 

Minas  de  Rio  Tinto,  Provincia  de  Huelva,  South  Spain.    '05 
*Georoe,  Harold  C,  Min.  Engr.,  Instructor, 

1916  Perrysville  Ave.,  Allegheny,  Pa.    '05 

*Gborok,  R.  D.,  Prof,  of  Geology,  University  of  Colorado Boulder,  Colo.     '02 

*Geffbrt,  Richard  M.,  Min.  Engr Tonopah,  Nev.     '02 

^Gebhauber,  William,  Secy.,  Superior  Charcoal  Iron  Co., 

614  Majestic  BIdg.,  Detroit,  Mich.    '88 

*Gebmakk,  Franz La  Paz,  Bolivia,  So.  America.     *00 

*GiBB,  Allan,  Miner  and  Met,  Genl.  Mgr.,  O.  K.  Copper  Mines 

Syndicate,  Mungana,  ChiUagoe,  via  Queensland,  Australia.     '00 
Gibson,  Charleb  H.,  Min.  Engr.,  Supt.  Mines  and  Mills,  Peregina 

Min.  &  Mil.  Co.,  Apartado  No.  59,  Guanajuato,  Mexico.     '82 
*GiBS0K,  Robert,  Mine  Mgr., 

Care  C.  W.  Cropper,  Kalgoorlie,  Western  Australia.    '92 

*GiBBON,  Thomas  W.,  Bir Bureau  of  Mines,  Toronto,  Ont.,  Canada.    '01 

*GiFFORD,  Alvah  W.,  Miner.,  Secy.,  International  Miners'  Association, 

Box  12,  El  Paso,  Texas.     '04 
^GiFFORD,  Stanley,  Treas.  &  Eastern  Mgr.,  Montana  Ore  Purchasing  Co., 

United  Copper  Co.,  31  Nassau  St,  New  York,  N.  Y.    '96 

**GiLBERT,  G.  K.,  Geol U.  8.  Geological  Survey,  Washington,  D.  C.    '92 

Gilchrist,  John  D.,  Supt.,  Iron  Mines, 

Colorado  Fuel  &  Iron  Co.,  Main  Office,  Denver,  Colo.     '96 
**GiLCHRiST,  Percy  C,  Met.,  Frognal  Bank,  Finchly  Road,  N. W., 

London,  England.    '91 

*G£LKERSON,  Harvey  G.,  Miu.  and  Civ.  Engr. Telluride,  Colo.     '04 

tGiLLESPiB,  T.  A JJmpire  Bldg.,  71  Broadway,  New  York,  N.  Y.     '86 

fGiLLET,  Lorenzo  M.,  Treas.  and  Secy.,  Hormiguero  Central  Co., 

69  Wall  St.,  New  York,  N.  Y.    '93 
*GiLLBTTE,  H.  P. ,  Editor,  Engineenng  News,  .St  Paul  Bldg. ,  New  York,  N.  Y.    '03 

*GiLLiE,  John,  Min.  Engr.,  Anaconda  Copper  Mining  Co Butte,  Mont.    '87 

*GiLPiN,  Francis,  Mine  Mgr.,  Care  Wm.  A.  Otis  &  Co.,  Bankers, 

Colorado  Springs,  Colo.     '99 

•GiNDER,  William  H.  H Pottsville,  Pa.    '00 

*GiFP8,  Frederick  deV.,  Min.  Engr.,  Genl.  Mgr.,  Stannary  Hills  Mines 

&  Tramway  Co.,  Ltd,  Stannary  Hills,  North  Queensland,  Australia.     '94 
*GiRAULT,  Edmond,  Min.  Engr.,  Genl.  Mgr.,  Negociacion  Minera  de 

San  Rafael  y  Anexas,  Pachuca,  Mexico.     '98 

*GiROUZ,  Joseph  L. 2045  West  Washington  St,  Los  Angeles,  Cal.    '02 

*Gla88BROOK,  Clarence  L,  Mine  &  Mill  Supt., 

Freeman-Smith  Lumber  Co.,  Millville,  Ark.     '02 

^Gleim,  Fritz,  Director  of  Furnaces, Portoferraio,  Isle  of  Elba,  Italy.    '92 

**Gijbnn,  Leonidas  C.,  Prof.,  Geology,  Vanderbilt  University, 

Nashville,  Tenn.    '00 
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*QlenN|  William,  Mgr.,  Baltimore  Chrome  Works, 

1348  Block  St ,  Baltimore,  Md.  '81 

*Glenn,  Wilmxb  D.,  Min.  Engr 601  North  Pearl  St,  Joplin,  Mo.  '04 

^Globe,  H.  Qobdon,  Min.  Engr., 

Care  Hamboldt  Min.  &  Beduction  Co.,  Nogales,  Aric  '03 

*Gheli»^,  Ernest,  Cona.  Min.  Engr Apartado  43,  Zacatecas,  Mexico.  '98 

*GoDDARD,  Sydney  F.,  Min.  Engr.,  Manor  House,  Bulcote, 

Nottinghamshire,  England.  '98 
♦GoDPBEY,  Eli  Sandford,  Min.  and  Mech.  Engr., 

117  Midwood  St,  Brooklyn,  N.  Y.  '93 
^Godfrey,  John  R.,  Genl.  Mgr.,  Broken  Hill  Proprietary  Block  14  Co., 

Ltd.,  Broken  Hill,  New  South  Wales,  Australia.  '97 

tGoDLEY,  George  McM.,  Engr. 101  West  80th  St.,  New  York,  N.  Y.  *98 

*GoDeHALL,  Harvey  H.,  Chem.  and  Min.  Engr.,  Moselem  Mining  Co., 

Haas  Bldg.,  Allentown,  Pa.  '00 
*Gk)D6HALL,  L.  D.,  Min.  Engr.  and  Met,  North  American  Exploration  Co., 

501  Equitable  Bldg.,  Denver,  Colo.  '94 
fGoLDMAN,  Marcus  I.,  Student  of  Min.  Engineering,  Care  J.  Goldman, 

68  WUliam  St,  New  York,  N.  Y.  '03 

*GoM£z,  Perfecto,  Min.  Engr Quimichis,  Tepic,  Mexico.  '99 

♦Good,  George  McC.  H.,  Engr.  of  Mines Osceola  Mills,  Pa.  '87 

♦GooDALE,  Charles  W.,  Min.  Engr.,  Mgr.,  Boston  &  Montana  Con. 

Copper  &  Silver  Mining  Co.,  Butte,  Mont.  76 

♦GooDALE,  Stephen  L.,  Min.  Engr Camp  Bird  Mills,  Ouray,  Colo.  '04 

♦GooDLOS,  Meade,  Asst.  Supt ,  Congress  Cons.  Mining  Co.,  Ltd., 

Congress,  Ariz.  '96 

•♦Goodrich,  R.  R.,  Elec.  Engr Care  L.  A.  Qark,  Westfield,  N.  J.  '88 

♦GooDSPEED,  Wm.  a Nelsonville,  Ohio.  '02 

♦GoRANSSON,  Kari.  F.,  Met Sandviken,  Sweden.  '01 

♦GoRDER,  Wai^ter  J.,  Met Erie,  Colo.  '03 

♦Gordon  Ernest,  Min.  Engr Apartado  167,  Guadalajara,  Mexico.  '05 

♦Gordon,  Henrt  A.,  Civil  and  Min.  Engr.,  Box  541,  Auckland,  New  Zealand.  '87 

♦Gordon,  John,  Miner  and  Merchant. 22  So.  Audlej  St,  London,  England.  '00 

♦Gordon,  Robert  W.,  Chem Rhyolite,  Nev.  '05 

♦♦Gordon,  William  D.,  Mining  Machinery,  P.  O.  Box  1185, 

Johannesburg,  Transvaal,  So.  Africa.  '96 

♦Gore,  Thomas  S.,  Land  Surveyor Victoria,  B.  C,  Canada.  '05 

♦GoRMLY,  Samuel  J.,  Smelter  Supt, 

Care  Bingham  Copper  and^Gold  Mining  Co.,  West  Jordan,  Utah.  '00 

♦Goas,  Edward  O.,  Asst.  Treas Scovill  Mnfg.  Co.,  Waterbury,  Conn.  '94 

♦GoTTSBERGER,  B.  Britton,  Min.  Engr.,  Care  Tennessee  Copper  Co., 

Copperhill,  Tenn.  '01 

♦Gould,  Charles  J.,  Assay er  and  Surveyor ...Address  wanted.  '99 

♦Gould,  Charlbs  Newton,  Prof,  of  Greol.,  University  of  Oklahoma, 

Norman,  Okla.  Ty.  '02 
♦Gould,  Hubert  J.,  Min.  Engr.  and  Met.,  Asst.  Engr., 

Great  Cobar  Copper  Mine,  Cobar,  New  So.  Wales,  Australia,  '04 
Ckrapilliere,  Prof.  Haton  de  la,  Inspecteur  G^n^ral  des  Mines, 

7  Passage  Bonado,  Pau,  Basses,  Pyr^ne^,  France. 

♦GoUTARD,  GusTAVE  M.,  Met 1620  Clarkson  St,  Denver,  Colo.  '96 

♦Grow,  P.  George,  Min.  Mgr Bohemian  Club,  San  Francisco,  Cal.  '  99 
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^BABii.L,  Clabxnge  A.,  Smelter  Snpt Shannon  Copper  Co.,  Clifton,  Ariz.    '08 

**Gbacb,  William  F.,  Min.  and  Met.  Engt,,  Pine  Creek  Oold  Mines 

Port  Darwin,  North  Australia.    '96 

*Gracky,  Arthtjr  H.,  Min.  M^r Nelson,  B.  C,  Canada.    *05 

*QsAHAM,  Kenneth  M.,  Mill  Mgr.,  ''The  Lodge,"  Hamilton, 

Waikato,  New  Zealand.     '03 
*6sAHAH,  Walter,  Coal  and  Coke,  609-612  Harrison  Bldg., 

15th  and  Market  Sts.,  Philadelphia,  Pa.     '00 

Graham,  Willlam  W.,  Mining British  Club,  Mexico  City,  Mexico.    *05 

*Qrammer,  F.  Louis 2422  Madison  Ave.,  Baltimore,  Md.    '92 

**Qrabcher,  William  S.,  Min.  Engr.,  Snpt.,  Wabana  Mine,  Dominion 

Iron  and  Steel  Co.,  Bell  Island,  Newfoundland.     '08 

♦»Grangbr,  Arthur  O 707  and  709  Bailey  Bldg.,  Philadelphia,  Pa.    *91 

^Granger,  ELenrt  G.,  Min.  Engr....Quibdo,  Choco,  Colombia,  So.  America.    '95 

*Granni8,  Uri  B.,  Millman University  Club,  Chicago,  111.     '03 

^Granstedt,  Frank  H.,  Supt,  Victorian  Deep  Leads,  Ltd.,  Baringhup, 

Victoria,  Australia.     '04 

^Graitotrom,  Gustap  A. ,  Min .  Engr. Karrgrufven,  Sweden.     '98 

*Grant,  Geo.  H.,  Geol.  and  Min.  Engr.,  Care  Capt  Wm.  Grant, 

Point  Ellice,  Victoria,  B.  C,  Canada.     '01 

*Grant,  Jambb  B 777  Pearl  St,  Denver,  Colo.    '89 

*Grant,  Robert  J.,  Min.  Engr.,  815  Ernest  and  Cranmer  Bldg., 

Denver,  Colo.    '99 
•Graut,  Ulyssbb  S.  ,  Prof. ,  Geology,  Northwestern  University,  Evanston,  111.    '  01 

^Grassblli,  C.  a Grasselli  Chemical  Co.,  Cleveland,  Ohio.    '92 

*Graye,  Ernest,  United  States  Mining  Co., 

Minas  Nuevas,  Parral,  Chihuahua,  Mexico.     '98 
^RAVE,  Percy,  Min.  Engr.,  Supt.,  Lead  Mines,  Mazapil  Copper  Co.,  Ltd., 

Concepcion  del  Oro,  Zacatecas,  Mexico.     '98 
♦Graves,  Fayette  P.,  Supt.  Mines  and  Secy.,  Doe  Run  Lead  Co., 

Doe  Run,  Mo.    '92 
•Graves,  McDowell,  Min.  Engr.,  Mgr.,  Mexican  Branch,  Douglas, 

Lacey  &  Co.,  Zuleta  No.  18,  Mexico  City,  Mexico.     '02 

•Gray,  Edwin  F.,  Supt.,  Nevada  Consoldidated  Copper  Co Ruth,  Nev.     '04 

•Grayson,  Laurence  W.,  Cons.  Min.  Engr.  &  Met,  Ludstone  Chambers, 

352  Collins  St.,  Melbourne,  Victoria,  Australia.     '00 

•Green,  Andrew  H.,  Jr.,  Mgr The  Solvay  Process  Co.,  Detroit,  Mich.     '03 

•Green,  Charles  B.,  Chem 79  N.  4th  St.,  Easton,  Pa.    '87 

•Grebkamyer,  Arthur  G.,  Chem., 

Tennessee  Coal,  Iron  <&  RR.  Co.,  Oxmoor,  Ala.     '02 
•Grsenard,  William  F.,  Inspector  of  Mines,  Menzies, 

North  Coolgardie,  Western  Australia.    '03 
•Greene,  Francis  V.,  The  Niagara  Construction  Co.,  Ltd., 

Elliott  Square,  Buffalo,  N.  Y.    '88 
•Greene,  Fred.  T.,  Min.  Engr.,  Asst  Geol.,  Anaconda  Copper  Mining  Co., 

Butte,  Mont.     '99 
•Greene,  Lewis  H.,  Min.  Engr.,  Los  Angeles  Mining  Review f 

Los  Angeles,  Cal.    '05 

•Greenidoe,  Samuel  M Edwardsville,  HI.    '08 

•Greknlby,  Louis  A.,  Min.  Engr 204}  Washington  St.,  Portland,  Ore.     '05 

•Grbenway,  Thomas  J.,  Min.  and  Met  Engr.,  Genl.  Mgr.,  New  ChiUagoe 

Railway  &  Mines,  Ltd.,  ChiUagoe,  No.  Queensland,  Australia.    '95 
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-mObebb,  Herbert  C,  Min.  £ngr.,  Mgr.,  Goal  and  Coke  Dept, 

•  La  Bell  Iron  Works,  SteubenTille,  O. 
^BBGSON,  WnxiAH  EbiiDEB,  Mining  and  Metallurgy, 

Asst.  Underground  Mgr.,  The  Proprietary  Co., 

Broken  Hill,  New  South  Wales,  Australia. 
*Qbet,  GBOBas  B.,  Civ.  and  Min.  £ngr.,  P.  O.  Box  777,  Johannesburg, 

Transvaal,  So.  Africa. 

^Gbideb,  BrcHABD  L.,  Hydraulic  Engr Serad  Valley,  CaL 

*Gbieb,  Thomas  J.,  Supt Homestake  Mining  Co.,  Lead,  So.  Dakota. 

•Qbippin,  Frank  W.,  Prest,  Western  Engineering  and  Construction  Co., 

408-414  Bialto  Bldg.,  San  Francisco,  CaL 
**Grifpin,  H.  M.,  Mine  Owner,  Care  Windham  Club,  St.  James  Square, 

London,  S.  W.,  England. 
*Gbiffin,  Martin  L.,  Chem., 

Care  West  Virginia  Pulp  &  Paper  Co.,  Mechanicsville,  N.  Y. 
*Qbiffin,  Maubice  Edward,  Secy.,  West  Engineering  and  Construction  Co., 

408-414  Bialto  Bldg.,  San  Francisco,  CaL 
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^Heneage,  Everabd,  Min.  Engr., 

58  Stanhope  Gardens,  London,  S.  W.,  England.    '02 

^HENiiEY,  James  H Nogales,  Ariz.    '90 

"Henne,  Chbistofheb,  Min.  and  Mech.  Engr.,  210  Henne  Bldg., 

Los  Angeles,  Cal.    '00 
•Hennik,  Alphonse,  Dir.,  G^n^raJ  de  I'Elba  Soci^t^ 

Porto  Ferrajo,  Isle  d'  Elba,  Italy.    '88 
^Hennino,  Gub  C,  Cons.  Engr.  and  Manufacturer  of  Diamond  Tools 

and  Dies,  36  Gold  St.,  New  York,  N.  Y.  '86 
*Hefbic?h,  Carl,  Cons.  Min.  Engr. ,  Room  66,  99  John  St.,  New  York.  N.  Y.  '82 
^Hernandez,  Marcos  F.,  Ing.  Director  de  '^Minas  Nuevas,  en  los  Mitras," 

Banco  Mercantil,  Monterrey,  N.  L.,  Mexico.    '02 

••Hebndon,  Edward  L.,  Secy.,  Eastern  Steel  Co Pottsville,  Pa.    '82 

*H£RR,Hiero  B.,  Ciy.  and  Min.  Engr.,  Secy.,  Treas.  and  Cons.  Engr., 

North  American  Exploration  Co.,  170  Broadway,  New  York,  N.  Y.    '76 

♦Herr,  Irviwg,  Min.  Enufr Oak  Park,  111.    '04 

*Herrb8hopf,  J.  B.  F.,  Chem Laurel  Hill,  Long  Island,  N.  Y.    '86 

*Herrick,  Ray  L.,  Min.  Engr... .Barnes-King  Mining  Co.,  Kendall,  Mont.     '04 
*Herrok,  David  A.,  Min.  Engr.,  Care  Tomboy  Gold  Mining  Co., 

Telluride,  Colo.     '97 
*Her8AM,  Erkest  a.,  Associate  Prof,  of  Metallurgy,  University  of  OEdifornia, 

Berkeley,  Cal.    '99 
*Herzio,  Charles  S.,  Min.  Engr.,  Genl.  Mgr.  in  New  South  Wales  and 
Queensland  for  Bewick,  Moreing  &  Co.,  Equitable  Bldg., 

Melbourne,  Victoria,  Australia.    '95 

♦Hesse,  Conrad  E 710  A  St.,  S.E.,  Washington,  D.  C.    '90 

♦Hesse,  Herman  V.,  Min.  Engr Fairmount,  W.  Va.     *04 

♦Hewett,  G.  C,  Cons.  Min.  Engr..26  East  Kiowa  St.,  Colorado  Springs,  Colo.    '88 

♦Hewitt,  Edward  R.,  Chem 17  Burling  Slip,  New  York,  N.  Y.    '94 

♦♦Hewitt,  Erskine,  General  Business....  17  Burling  Slip,  New  York,  N.  Y.    '06 

♦Hewitt,  George  H.,  Min.  Engr. 707  State  St.,  Springfield,  Mass.    '80 

♦Hetwood,  William  A.,  Care  Pittsburg  &  Montana  Co Butte,  Mont.    '96 

♦Hibeard,  Henry  D.,  2d  Vice-Prest  and  Cons.  Engr., 

Manganese  Steel  Safe  Co.,  258  Broadway,  New  York,  N.  Y.    '79 

♦Hicks,  Charles  M.,  Mine  Supt. Bertha  Mineral  Co.,  Austinyille,  Va.    '04 

♦Hiobee,  George  B  ,  Asst.  Secty  and  Treasurer, 

The  Murray  Iron  Works  Co.,  Borlington,  Iowa.    '06 
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*Hio6nr8y  John  Michael 47  Qaeen  St,  Melbourne,  Victoria,  Australia.  '91 

fHiiiDBBTH,  Thobcas  F.,  Chem.,  Rutfaenberg  Bednction  Works, 

Niagara  Falls,  N.Y,  '05 

*HiLL,  Frank  A.,  Genl.  Mgr...B6d  Jacket  Coal  A  Coke  Co.,  Boanoke,  Va.  '83 

*Hti.i<,  Frank  Albert,  Min.  Engr Benton,  Wash.  '05 

*HiLL,  Frank  C,  Min.  Student Carthage  Mo.  '04 

*HiLL,  BoBERT  Thos.,  GcoL,  Booms  1127  and  1128,  25  Broad  St., 

New  York,  N.Y.  '92 

♦Hill,  Bowland  F.,  Min.  Engr 116  Naasaa  St,  New  York,  N.  Y.  '97 

*HiLL,  Walter  H.,  Chief  Engr.,  Lewiston  &  Southeastern  Electric  By., 

Lewiston,  Idaho.  '00 

*Hillard,  Charles  J.... .734  Common  St.,  New  Orleans,  La.  '88 

♦HiLLER,  Edward,  Phosphates  and  Marble Gannts  Quarry,  Ala.  '  95 

*HiLLEB,  Joseph  T.,  Coal  Mining,  Hatfield  &  Hilles, 

1319  Beal  iVstate  Trust  Bldg.,  Philadelphia,  Pa.  '92 
*HiLLMAN,  Meredith  P.  G.,  Blast  Furnace  Mgr.,  1917^  First  Ave., 

Birmingham,  Ala.  '97 
*HiLus,  Victor  G.,  Min.  Engr.,  Cons.  Engr., 

Anchoria-Leland  Mining  &  Milling  Co.,  etc.  Cripple  Creek,  Colo.  '96 
**Hinchhan,  Charles  S.,  Prest,  Washington,  Arlington  &  Falls  Church 
By.  Co.,  etc.,  902  Provident  Life  &  Trust  Co.'s  Bldg., 

50  S.  4th  St.,  Philadelphia,  Pa.  '79 

*Hind6HAW,  Henry  H.,  Geologist,  Delaware  A  Hudson  Co.,  Albany,  N.  Y.  '05 
*HiNMAN,  B.  C,  Chem.  and  Met.  Engr.,  Underfeed  Stoker  Co.,  Ltd., 

31  Walbrook,  London,  E  C,  England.  '96 
*HiRSHBEBO,  Max  B.,  G^nL  Mgr.,  Arctic  Mining  &  Trading  Co., 

Teller,  Alaska.  '04 

**HoAR,  Frederic  W Paradise,  Aria.  '02 

^HoATBON,  John,  Min.  Engr Bisbee,  Aria.  '91 

*HoB80N,  Francis  J.,  Min.  Engr.  and  Met., 

Apartado  42,  Guanajuato,  Mexico.  '02 
^HoBSON,  John  B.,  Min.  Engr.,  Genl.  Mgr.,  Consolidated  Cariboo 

Hydraulic  Mining  Co.,  Bullion,  B.  C,  Canada.  '92 
*HoBSON,  BoBERT,  Genl.  Mgr.,  Hamilton  Steel  &  Iron  Co., 

Hamilton,  Ontario,  Canada.  '99 

tHoBSON,  TH0MAe...Phila.  Mgr.,  Iron  Age,  119  S.  4th  St.,  Philadelphia,  Pa.  '92 
fHocHSCHiLD,  Mauricio,  Powcr  Atty.,  da.  de  Minerales  y  Metales,  S.  A., 

Apartado  733,  Mexico  City,  Mexico.  '01 
**HoDOE,  Arthur  Cairn,  Min.  Engr.,  Care  James  Floyd, 

St.  Austell,  Cornwall,  England.  '89 

*HoDQE,  Benjamin,  Min.  Engr. Platteyille,  Wis.  '98 

*HoDOE,  James  M.,  Engr.  and  Geol Big  Stone  Gap,  Va.  '88 

^HoDQEB,  A.  B.  W.,  Min.  Engr.  and  Met,  Supt.,  Granhy  Consolidated 

Mining  and  Smelting  and  Power  Co.,  Ltd.,  Grand  Forks,  B.  C,  Canada.  '89 

^HoDGEB,  A.  D.,  Jr Union  Club,  8  Park  St.,  Boston,  Mass.  '84 

*HoD60N,  Laurence  Carl,  Min.  Engr 1132  Tenn  St..  Lawrence,  Kan.  '02 

Hoefer,  Prof.  Hans Leoben,  Austria. 

*HoFFMAN,  John  W.,  Hoffman  Engineering  and  Contracting  Co., 

1116  Pennsylyania  Bldg.,  16th  and  Chestnut  Sts.,  Philadelphia,  Pa.  '76 
♦HoFFSTOT.  F.  N..  Tieas.,  Clinton  Iron  &  Steel  Co.. 

P.  O.  Box  177,  Pittsburg,  Pa.  '82 

»H0FIU8,  W.  D 72  Dexter  Horton  Building,  Seattle,  Wash.  '90 
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«HorMAK,  Dr.  H.  O..  Prof,  of  Metalluigy, 

MasBsachusetts  Institate  of  Technology,  Boston,  Mass.    '82 
*HoPMANN,  Ottokab,  Min.  and  Met.  Engr.,  8002  East  17th  St., 

Kansas  Qty,  Mo.    '84 
*HoOARTT,  Bakbt,  Chem.,  Asst.  Snpt ,  Pueblo  Plant, 

American  Smelting  and  Refining  Co.,  Pueblo,  Colo.    '02 

^HooGATT,  WiiiFOBD  B.,  Mine  Supt Jualin,  Alaska.    '04 

*HoLBEBT(»r,  Walter  T.,  Min.  Engr.,  Mgr.,  Gopiap6  Mining  Co.,  Ltd., 

Copiap6,  Chile,  So.  America.    '00 

*HoLBROOK,  Charles  T.,  Mining. Dekalb  Junction,  N.  Y.    '98 

fHoLBROOK,  Levi P.  O.  Box  536.  New  York,  N.  Y.    '78 

*HoLDEN,  Edwin  O,  Min.  Engr 74  Wall  St,  New  York,  N.  Y.    '97 

*Holden,  L.  £ Care  A.  F.  Holden,  Salt  Lake  City,  Utah.    '86 

tHoLDERNESS,  James  C,  Engineer,  Care  Bethlehem  Steel  Co., 

South  Bethlehem,  Pa.     '08 
*HoLOATB^  Thomas  E.,  Mgr.  (Blast  Furnaces,  Darwen  Works),  Darwen  A 

Mostlyn  Iron  Co.,  Ltd.,  Darwen,  England.    '92 
^Holland,  L.  F.  S.,  Min.  Engr.,  Supt  of  Mines, 

Smuggler  Union  Mining  Co.,  Telluride,  Colo.    '01 
*HoLLiNG8,  Jas.  Spencer,  Asst  Genl.  Supt,  Brymbo  Steel  &  Lron  Works, 

Brymbo,  North  Wales,  Gt  Britain.    '02 
•HoLLis,  H.  L.,  Min.  Engr.  and  Met., 

952  First  National  Bank  Building,  Chicago,  111.    '85 

♦HoLLis,  R.  W.,  Min.  Engr Silverton,  Colo.    '94 

*HoLLiSTER,  Jno.  James,  Surveyor  and  Ajssayer,  Proyidenoe  Cons.  Gold 

Mining  Co.,  Cartero,  Tuolumne  Co.,  Cal.    '02 

*HoLLOWAY,  Harry,  Mine  Owner 512  4th  Aye.,  S.,  Great  Falls,  Mont    '99 

*HoLLOWAY,  Wilfrid  S.,  Genl.  Mgr., 

The  British  &  Korean  Corporation,  Ltd.,  Gwendoline,  Korea.     '03 
*HoLiCAN,  F.  C,  Min.  Engr.,  Apartado  1,  Call,  Colombia,  So.  America, 

via  Panama.    '81 

*HoLXE8,  Edwin  M.,  Engr.,  Spanish  American  Iron  Co Daiquiri,  Cuba.     '08 

^Holmes,  Joseph  A.,  Geol 6017  Cabanne  Aye.,  St  Louis,  Mo.    '95 

tHoLT,  Charles,  Popocatepetl  Park,  Amecameca,  Estado  de  Mexico, 

Mexico.     '04 

♦Holt,  Frederick  T.,  Met  Engr 851  East  136th  St,  New  York,  N.  Y.     '03 

*HoLT,  Herbert  L.,  Min.  Engr. Edgemont,  Ney.    '05 

*HoLT,  Marmaduke  B.,  Min.  and  Elect  Engr Silyerton,  Colo.    '89 

*HoLT,  Taylor,  Chem.  and  Assayer,  Compaf&ia  Metal  urgica,  Mexicana, 

San  Luis,  Potosi,  Mexica     '02 

*HoME,  Douglas  R. Address  wanted.    '02 

*HoNEYMAN,  Ellis  W.,  Chem.,  Care  Detroit  Copper  Co.  of  Arizona, 

Morenci,  Ariz.    '04 
**Honnold,  William  L.,  Cons.  Min.  Engr.,  Consolidated  Mines 

Selection  Co.,  Ltd.,  Comer  House,  Johannesburg,  So.  Africa.     '93 
*HooD,  OzNi  P.,  Prof,  of  Mech.  and  Elect.  Engineering,  Mich.  College  of 

Mines,  Houghton,  Mich.     '01 
^Hooker,  Brian,  Min.  Engr.,  Care  W.  H.  Hooker,  2  Groye  Park  Road, 

Chiswick,  S.  W.,  England.     '96 
^Hooper,  Edward,  Min.  Engr.,  821  Salisbury  House,  London  Wall, 

London,  E.  C,  England.    '88 
*HooFER,  Frank  CL,  Met  Engr.,  Mgr.,  North  Bayer  Garnet  Co., 

North  Riyer,  Warren  Co.,  N.  Y.     '08 
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•Hooper,  G.  H.,  Prest,  Echo  Mining  Co., 

415  DoQglaa  Bldg.,  Los  Angeles,  Gal.    '05 
•Hoover,  Herbert  GL,  Care  Bewick,  Moreing  A  Co., 

20  Copthall  Ave.,  London,  England.    '96 
tHooYER,  Theodore  J.,  Supt,  Staadafd  Consolidated  Gk>ld  Mining  Co., 

Bodie,  Cal.     '00 
-i^HoFE-DoBO,  Harold,  Care  Capt  B.  de  Q.  Sutton,  Mountain  St, 

Pasadena,  Cal.    '05 

'^^HoFKDfB,  Edward,  Min.  Engr Apartado  174,  San  Luis  Potosi,  Mexico.    '99 

'^Hopkins,  Gsraij>  Vosb,  Met  Chem.,  Nicholastan  House, 

Penmaen,  B.  S.  O.,  Swansea,  Wales,  Great  Britain.    '02 
^BoFKiN8^  Jambs  Frangib,  Min.  Engr.,Prest, 

The  New  Sleepy  Hollow  Gold  Mining  Co.,  etc,  of  Black  Hawk,  Colo., 

305  Boston  Bldg.,  Denver,  Colo.    '02 
^HoPEDTO,  Thomas  C,  Prof,  of  G^l.,  Syracuse  Uniyersitj,  Syracuse,  N.  Y.    '03 

*HoFPEB,  John  G.,  Min.  Engr JSonora,  Taolunme  Co.,  CaL    '99 

*HoR9i^  Clarence  W.  H.,  Min.  Engr.,  East  Band  Proprietary  Mines, 

P.  O.  East  Band,  Transvaal,  So.  Africa.    '00 
*Horwood,  £.  J.,  Mgr.,  Broken  Hill  Prop.  Ca, 

Broken  Hill,  New  South  Wales,  Australia.    '93 
*HosKiNO,  George  F.  C,  Min.  Engr.  and  Assayer, 

Helensville,  near  Auckland,  New  Zealand.    '96 

«Ho8XiNa,  William,  Chem 81  So.  aark  Street,  Chicago,  111.    '87 

*Hoi79roN,  Edwin  J.,  Elect  Engr.,  Prof,  of  Physics,  Franklin  Listitute, 

1203-4  Croser  Bldg.,  Phihulelphia,  Pa.    '02 
**HovEY,  Edmund  O.,  Geologist,  American  Museum  of  Natural  History, 

New  Yoric,  N.  Y.    '06 
*HoYLAND,  Henry  B.,  Cons.  Engr.,  Mgr.,  Canisteo  Mining  Co., 

511  Lonsdale  Bldg.,  Duluth,  Minn.     '04 

*HowALD,  Ferdinand,  Min.  Engr 1150  Bxyden  Boad,  Columbus,  Ohio.    '84 

^Howard,  Karl Boom  36,  330  Pine  St,  San  Francisco,  Cal.     '98 

^Howard,  J.  Askley,  Mine  Operator. Sumpter,  Oregon.     '03 

^Howard,  James  Hammet,  Mine  Supt,  Care  Amparo  Mining  Co., 

Etzatlan,  Jalisco,  Mexico.    '02 
^Howard,  William  H.,  Supt,  Pueblo  Plant,  American  Smelting  and 

Befining  Co.,  Pueblo,  Cola    '95 

*HowB,  Alrion  S.,  Min.  Engr P.  O.  Box  667,  Goldfield,  Nev.    '00 

tHowE,  Epenbtus,  Min.  Engr P.  O.  Box  109,  Monterey,  Mexico.    '86 

*HowE,  Frank  P.,  Iron  Mfr.,  Mgr.,  Bockhill  Furnace  Ca,  etc., 

230  Drexel  Bldg.,  Philadelphia,  Pa.    '79 
•Howe,  Henry  M.,  Prof,  of  MetaUurgy...27  West  73d  St,  New  York,  N.  Y.    '71 

*Hows-Carfenter,  Arthur 508  Equitable  Bldg.,  Denver,  Colo.    05 

*Howbll,  John Athemeum  Club,  Sydney,  New  South  Wales,  Australia.    '93 

*HuBBARD,  Lucius  L.,  Genl.  Mgr.,  Champion  Copper  Co., 

Painesdale,  Houghton  Co.,  Mich.    '00 

*HuBER,  H. *. Mannedorf,  Zurich,  Switierland.    '82 

^HxTDeoN,  Albert  W.,  Met.,  Northwestern  Smelting  &  Befining  Co., 

Crofton,  Vancouver  Island,  B.  C,  Canada.    '99 
**HuQHBS,  A.  D.,  Mgr.,  New  Russia  Co.,  4  Moorgate  St, 

London,  £.  C,  England.  '92 
tHuoHBS,  Charles  J.,  Jr.,  Lawyer.. Boom  4,  Hughes  Block,  Denver,  Colo.  '95 
*HuoHBB,  Herbert  W.,  Min.  Engr.,  188  Wolverhampton  St, 

Dudley,  England.    '87 
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**HuoHE8,  Hugh,  Mgr.,  City  Deep-Wolhuler  Deep, 

P.  O.  Box  4587  Johannesburg,  Transyaal,  So.  Africa.    '98 

*HuiJCK,  Chablbb  Edwin,  Sapt.,  Tbomas  lion  Go HeUertown,  Pa.    '02 

fHuucK,  William  H.,  Vioe-PreBt,  Warren  Foundry  &  Machine  Co., 

160  Broadway,  New  York,  N.  Y.    ^82 

*HuL8T,  Nelson  P.,  Gen.  Min.  Engr 800  Knapp  St,  Milwaukee,  Wis.    76 

^HuMBBRT,  Gbobgs  J.,  Presi.,  Steel  A  Iron  Aluminum  Coating  Co., 

ConnellsTille,  Pa.    '88 

fHuMEL,  FsANX  J. 49  Grace  St,  Cleveland,  Ohio.    '96 

^HuMPHBXT,  Chablbs,  Min.  Engr.,  C.  W.  Hunt  &  Co., 

46  Broadway,  New  York,  N.  Y.    W 
*HnxPHBKT,  Gb(»ob  8.,  Controller  and  Purchasing  Agent,  C.  W.  Hunt  Co., 

45  Broadway,  New  York,  N.  Y.    '84 
**HuMPHiiET8,  Alexandeb  C,  Mlu.  Engr.,  Prest  of  Stevens 

Institute  of  Technology,  Care  Humphreys  &  Glasgow, 

31  Nassau  St.,  New  York,  N.  Y.    '85 
*Huin>BSHAOEK,  LuDWio,  Min  Engr.... 8  Waldeck  St.,  Stuttgart,  Germany.    '05 

»Hunickb,  H.  Auoust 3582  Victor  St,  St  Louis,  Mo.    *88 

*HuMT,  Bebtram,  Tech.  Chem.  and  Met,  717  Taylor  St, 

San  Francisco,  Cal.     '96 

**HuNT,  Chablhb  W.,  Prest ,  C.  W.  Hunt  Co..45  Broadway,  New  York,  N.  Y.  '91 
*HuNT,  Fbed.  F.,  Min.  Engr.,  Analytical  Chemist,  77  Pine  St,  • 

New  York,  N.Y.  '80 

♦Hunt,  Joshua,  Min.  Engr Eliaabeth,  Pa.  '02 

•Hunt,  Eobebt  W.,  Cons.  Engr 1121  The  Rookery,  Chicago,  111.  '74 

fHiTNTEB,  Hanbabubo,  Student,  Royal  College  of  Science, 

South  Kensington,  London,  England.  '04 

•Huntley,  Dwioht  B.,  Min.  Engr. 1259  Webster  St,  Oakland,  CaL  '92 

•HuNTOON,  Louis  D.,  Min.  Engr.,  Care  Sheffield  Scientific  School, 

New  Haven,  Conn.  '97 

•Hublbubt,  Geoboe  R.,  Mine  Operator,  Khedive  Mining  Co.,  Ouray,  Colo.  '94 
tHuBLEY,  Thomas  J. ,  Mine  Mgr.,  The  Ruby  Basin  Mining  &  Tunnel 

Co.,  etc.,  Silverton,  Colo.  '99 

•Huston,  Habby  L.,  Min.  Engr.,  Soulsby  Mining  Co Soulsbyville,  CaL  '03 

•Hutchins,  R  Gbosyenob,  Jr.,  Vice-Prest.,  Jeffrey  Mnfg.  Co., 

Wprthington,  Ohio.  '00 

•Hutchinson,  E.  S.,  Min.  Engr Newtown,  Pa.  '80 

•Hutchinson,  Joseph  H Comer  3d  and  Jefferson  Sts.,  Boise,  Idaho.  '05 

•Hutchinson*  Randolph  B.,  Min.  Engr.  and  Met.,  Genl.  Mgr., 

Compafiia  Beneficiadora  del  Conchefio,  Conchefio,  Chihuahua,  Mexico.  '91 

•Hutchinson,  W.  Spenceb,  Min.  Engr. 101  Milk  St,  Boston,  Mass.  '96 

•HuTTON,  Fbedebich  R.,  Prof,  of  Mech.  Engineering,  Columbia  University, 
and  Secy.,  American  Society  of  Mechanical  Engineers, 

12  West  31st  St,  New  York,  N.  Y.  '75 

•Hybinette,  Victob,  Met  Engr 499  North  Broad  St.,  Westfield,  N.  J.  '01 

•Hyslop,  Jambs  E. Apartado  48,  Parral,  Chihuahua,  Mexico.  '04 

•Ihlseno,  Axel  O.,  Cons.  Min.  Engr 45  Broadway,  New  York,  N.  Y.    '82 

•liOKA,  Masashioe,  Min.  Engr.,  Head  of  the  Kanagase  Branch  Mine  of 
Ikono  Mine,  Mitsubishi,  Goahi-Kaisha,  Ikuno  Mine,  Iknno  Machi, 

Tajima-Nokuni,  Japan.     '08 
•Imaizumi,  Kaiohibo,  Engr.,  Japanese  Imperial  Steel  Works, 

Yawata,  Chikuzen,  Japan*     '08 
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*Ikhopf,  Alezakdeoi,  Mine  Mgr.,  Hacienda  GKiadalupe,  Halpujahua, 

Michoacan,  Mexico.  '08 
♦IwoALLS,  Walter  R.  Min.,  and  Met.  Engr.,  62  Broadway,  New  York,  N.  Y.    '91 

*lKOE]tsoL,  John  W 302  William  St,  Beadwood,  Soath  Dakota.     '05 

flNOHAM,  William  A.,  Prest.,  Bock  Hill  Iron  and  Coal  Ga, 

320  Walnat  Street,  Philadelphia,  Pa.    '72 
*Ikool8,  J.  Auonar,  Min.  Engr.,  Majestic  Copper  Mining  &  Smelting  Co., 

Milford,  Utah.     '04 
«*Inoram,  H.  £.,  P.  O.  Box  3845,  Prince  A  Ingram,  130  Market  St, 

Johannesbuig,  Transyaal,  So.  Africa.    '94 
^ImnoB!,  Murray,  Min.  Engr.,  San  Francisco  Club,  Call  Bldg., 

San  Francisco,  Cal.  '95 
*Ipina,  Boberto,  Merchant  &  Miner,  Apartado  30,  San  Luis  Potosi,  Mexico.  '98 
^Irelakd,  James  D.,  Min.  and  Mech.  Engr.,  '^  The  Croisac," 

7  West  26th  St ,  New  York,  N.  Y.    '05 
*Iron8,  Robert  H.,  Supt  Mill  No.  1,  Central  Iron  and  Steel  Co., 

Harrisburg,  Pa.     '00 
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Ladysmith,  B.  C,  Canada.    '03 
*KiDWELL,  Edoab,  Mech.  Engr.,  Pacific  Coast  Mgr.  of  the  Stirling  Co., 

Dooly  Block,  Salt  Lake  City,  Utah.    '97 

♦KiLBUBN,  W.  Douglas 1827  Grand  Ave.,  Pueblo,  Colo.    '04 

*EiLLEN,  David  L.,  Mining,  701  Merchants'  Loan  &  TrustCo.  Bldg., 

Chicago,  IlL     '04 
*EiMBALL,  Edwin  B.,  Min.  Engr. ,  Boston  and  Oroville  Mining  Co., 

Oroville^  Oal.    '97 
*EiMBALL,  Geobge  E.,  Jb.,  Secy.  and  Mgr.,  Old  Tom  Consolidated 

Mining  Co.,  P.  O.  Box  4,  Idaho  Springs.  Colo.    '08 
*EiHBALL,  Henry  S.,  Prest.,  American  Zinc,  Lead  &  Smelting  Co., 

50  Congress  St.,  Boston,  Mass.    '05 
*EiMMELL,  Harry  B.,  Chem.,  Studebaker  Bros.  Mfg.  Co.,  South  Bend,  Ind.    '99 

*EiNG,  Austin  J Rush  Run,  W.  Va.     '02 

*EiNQ,  Edmttnd  M Leura,  Launceston,  Tasmania.    '97 

*EiNO,  Ernest  W.,  Min.  Engr.  and  Owner Lewistown,  Mont.    '99 

fEiNO,  Henry  E.,  Engr 419  E.  Eiona  St.,  Colorado  Springs,  Colo.    '03 

*EiNO,  LocHiEL  M.,  Met,  Chem.  and  Engr., 

Simonds  &  Eing,  417  Montgomery  St,  San  Francisco,  Cal.     '03 
*EiNG,  Paul  8.,  Cons.  Engr.,  Lock  Box  513,  Equitoble  Bldg., 

120  Broadway,  New  York,  N.  Y.    '03 

*EiNG,  RuFUB  H. Ridgefield,  Conn.    '04 

*EiNO,  Thoscas  M Irvington-on-Hudson,  K.  Y.    '82 

*EiN08T0N,  Charles  R,  Cons.  Min.  Engr.,  Worcester  House,  Walbrook, 

London,  E.  C,  England.     '95 

*EiN08T0N,  Merton  8.,  Supt  of  Stripping Hibbing,  Minn.     '05 

*E[iNZiE,  Robert  A.,  Asst.  Supt,  Alaska  Treadwell  Gold  Mining  Co., 

Treadwell  City,  Alaska.    '95 

*EiPP,  Harry,  Chem 511  Castro  St,  San  Francisco,  Cal.     '04 

*EiRBY,  Edmund  B.,  Cons.  Min.  Engr.  and  Met,  Care  Daniel  E.  Eirby, 

701  Security  Bldg.,  St  Louis,  Mo.    '84 

*EiBCHEN,  Chas.,  Met Sumpter,  Ore.    '05 

*EiROHHOFF»  Charles,  Editor,  Iron  Age.,2B2  William  St.,  New  York,  N.  Y.    '75 

*EiRK,  Morris  P.,  Civ.  and  Min.  Engr Mills  Bldg.,  El  Paso,  Texas.    '04 

*ElRK,  Robert  C,  Min.  Engr.,  Supt,  Santa  Rosa  Mines, 

San  Dimas,  Durango,  Mexico.     '03 
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**KiBKCAi.DT,  NoaicAN  M.,  CIt.  and  Min.  Eogr., 

Care  Don  Adolpho  Caevas,  Boena  Ventnra,  Colombia,  Sooth  America.     '99 
*EntKEaAABD,  PfeTBB,  QonL  Mgr.y  Canadian  Gk>ld  Fields,  Ltd., 

Deloio,  Ontario,  Canada.    '99 
*KiBKPATBicXy  Gut  H.,  Min.  Engr., 

Care  Leroy  Eirkpatriok,  215  Simcoe  St,  Toronto,  Canada.    '00 
*EiBKFATaiCK,  Stafford  F.,  Prof,  of  Met,  Einffston  School  of  Mining, 

96  Barrie  St,  Kingston,  Ontorio,  Canada.     '03 
^Ki^EorecHiciDT,  Charles,  Mine  Operator,  Calle  Berlin,  No.  f), 

Mexico  Citjr,  Mexico.    '99 
*Ki.EFBTXO,  Frank,  Min.  Engr.,  307  Battery  Park  Bldg., 

21-24  Stote  St,  New  York,  N.  Y.    '80 
^EiJVE,  Balfh  C,  Chem  and  Met.,  Care  Creston-Colorado  i  'o , 

Torres,  Sonora,  Mexico.    '06 
**ELno,  Gboroe  C,  Met,  Genl.  Mgr.,  Freeman  tie  Smelter,  Ltd., 

Fremantle,  Western  Australia.    '01 

*Enapp,  Edward  Eugene,  Assayer Tonopah,  Nev.    '02 

*Knapp,  George  F.,  Oglebay,  Norton  &  Co.,  Miners  and  Sales  Agents, 

Lake  Superior  Iron  Ores,  Wade  Bldg.,  Cleveland,  Ohio.    '87 
*Knapp,  Isaac  N.,  M.R,  Stevens  Institute  of  Technology,  1875, 

P.  O.  Box  496,  Ardmore,  Pa.    '01 
fS^NAFP,  S.  A.,  Snpt,  Genl.  Mgr.,  The  Ohio  Tonopah  Mining  Co., 

Tonopah,  Nevada.    '85 
*Eneath,  Watkin  W.,  Supt,  Portland  Cement  Co.  of  Utah, 

129  South  4th  St,  East,  Salt  Lake  City,  Utah.    '05 
*Enecht,  Carl  K,  Asst  Engr.,  Consolidated  Mines  Selection  Co., 

P.  O.  Box  2269,  Johannesburg,  Transvaal,  South  Africa.     '99 

*Enepper,  Earl  H.,  Min.  Engr 121  San  Francisco  St,  El  Paso,  Texas.     '03 

*Enight,  Edward  C,  Mgr.,  Monterey  Plant, 

American  Smelting  and  Befining  Co.,  Monterey,  N.  L.,  Mexico.    '94 

*Enoertzer,  Henri,  Min.  Engr 56  Bue  Balagny,  Paris,  France.    '92 

*Enowleb,  Silas  A.,  Mine  Supt  and  Contractor Cedar  Creek,  Colo.    '04 

*Enox,  Henry  H.,  Cons.  Min.  Engr 82  Beaver  St.,  New  York,  N.  Y.    '92 

*Enox,  Newton  B.,  Min.  Engr 310  Pine  St,  San  Francisco,  CaJ.    '00 

»Enox,BooerC.,  Mine  Mgr Norris,  Mont    '03 

*Enoz,  William,  Mine  Owner,  163  William  St, 

Melbourne,  Victoria,  Australia.    '01 

*E:nutzen,  Theodor,  Met ...406  North  16th  St,  Omaha,  Neb.    '90 

*EoGH,  Walter  E.,  Min.  and  Met  Engr P.  O.  Box  718,  El  Paso,  Texas.    '86 

*Eoehler,  William,  ELec.  Chem.  Engr.,  1614  Superior  St ,  Cleveland,  Ohio.    '01 
*Eoelle,  Carl,  Met.  Supt,  Coropania  Metalurgica  Mexicana, 

San  Luis  Potosi,  Mexico.    '96 

*Eoenig,  Prof.  George  A Michigan  College  of  Mines,  Houghton,  Mich.    '74 

*EoNDO,  B.,  Min.  Engr..l  Yayesucho,  Itchome  Itreymachuku,  Tokio,  Japan.    '88 
*Eox7aNBTZOFF,  Waseley  A.,  Min.  Engr.,  Russian  Government, 

Vladivostock,  Eastern  Siberia.     '03 

**Eow,  ToNO  SiNO,  Cons.  Engr Pekin  Syndicate,  Shanghai,  China.     '90 

*Erabler,  Emil,  Geheimer  Bergrath  and  General  Director, 

Eolner  Bergwerks-verein,  A.  G.,  Altenessen,  Germany.    '91 
*Eraemsr,  Edward  L.,  Chem.,  Care  Yampa  Smelting  Co., 

Bingham  Canyon,  Utah.    '98 
*Ereb8,  Charles  K,  dv.  and  Min.  Engr. Eanawha  Falls,  W.  Va.     '02 
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«KfiEB8,  George  J.,  Min.  Engr.,  Sapt,  Goal  Dept.,  Reading  Iron  Co., 

Kimmelton,  Pa.  '01 
*E[rbjci,  Milo  W^  Smelter  Foreman,  Boston  A  Montana  Cons.  Copper  A 

SilTer  Mining  Co.,  Great  Falls,  Mont.  '98 
*Kbiimb,  Henby,  Min.  Engr.,  Care  Gaggenheim  Exploration  Co , 

1103  Braly  Bldg.,  Los  Angeles,  Cal.  '05 

*Kx7EHN,  Amob  F.,  Min.  Engr ...Cerro  de  Pasco,  Peru,  South  America.  '05 

*Eui?HABi>T,  Wheaton  B.,  Genl.  Mgr.,  Carpenter  Steel  Co., 

1  Broadway,  New  York,  N.  Y.  '80 
tEuHZ,  George  F.,  Gem  Expert,  Tiffany  &  Co.,  Fifth  Avenue  and  37th  St., 

New  York,  N.Y.  '88 

*KuiUE,  Frank  M.,  Min.  Engr. Portland  Mine,  Victor,  Colo.  '97 

*KnBODA,  Tbunema,  Miike  Coal  Mines Ckikugo,  Japan.  '05 

^KuRTZ,  Edward  L.,  Instructor  in  Mining,  School  of  Mines, 

Columbia  University,  New  York,  N.  Y.  '94 

»KuRTZ.  Henry  M.,  Cons.  Engr Clearfield,  Pa,  '98 

**KwANO,  KwoNO  YuNO»  Lin-Cheng  Mines,  Lu-han  Bailway,  via  Peking, 

North  China.  '94 

*Lacx,  Fred  S.,  Genl.  Mgr.,  Sampson  Mine Baker  City,  Ore.  '03 

*Ladd,  George  E.,  Prof,  of  Geo!,  and  Min.,  Dir.,  Missouri  School  of  Mines, 

^Bolla,Mo.  '98 

*Laidlaw,  James  T.,  Min.  Engr Cranbrook,  B.  C,  Canada.  '00 

*Laino,  John,  Mine  Supt Bush  Run,  W.  Va.  '03 

*Laird,  Geo.  A Apartado  No.  58,  Cananea,  Sonora,  Mexico.  '01 

*Laksland,  William  J.,  Assayer  and  Surveyor,  Care  Bewick, 

Moreing  &  Co.,  Equitable  Bldg.,  Melbourne,  Victoria,  Australia.  '04 

*Lakenan,  Cornelius  B.,  Min.  &  Mech.  Engr Grass  Valley,  Cal.  '00 

*Lakeb,  Arthur,  Western  Editor,  Mines  and  Minerals, 

216  McPhee  Bldg.,  Denver,  Colo.  '96 

*Lamb,  Mark  R,  Min.  Engr 17  and  19  Tremont  St.,  San  Francisco,  OaL  '01 

*Lamb,  Biohard,  Civ.  Elec.  and  Min.  Engr., 

136  Liberty  St,  New  York,  N.  Y.  '02 
*Lamfshire,  John  O.,  Assayer  and  Chem.,  King  of  Arizona 

Gold  Mining  Co.,  Eofa,  Aria.  '04 
**Landbro,  Carlos  F.  De,  Min.  Engr.,  Geol.,  Genl.  Mgr.,  Beal  del  Monte 

Mining  Co.,  Pachuca,  Mexico.  '94 

^Landers,  William  H.  » Min.  Engr Joplin  Separating  Co. ,  Galena,  111.  '03 

^Landsb,  Henrt,  ProL  of  Geol.,  Univ.  of  Washington, 

Univ.  Station,  Seattle,  Wash.  '04 

**Lani>field,  Jerome  R  ,  Instructor,  University  of  California,  Berkeley,  Cal.  ' 02 
*Landrum,  Chablis  W.,  Min.  Engr.,  GenL  Tract  Supt., 

American  Zinc,  Lead  A  Smelting  Co.,  Carthage,  Mo.  '03 

^Lane,  Alfred  C,  State  Geol Ldinsing,  Mich.  '03 

fLANE,  Charles  H.,  Mech.  Engr.,  Mgr.,  Am.  Engr.  and  Beduction  Co., 

725-726  Caxton  Bldg.,  Cleveland,  Ohio.  '04 

*Lanb,  Henrt  M.,  Editor,  2!&6  F<mn<2ry..BrowniDg  Bldg.,  Cleveland,  Ohio.  '99 

•Lane,  J.  S.,  Mech.  Engr 212  West  Market  St,  Akron,  Ohio.  '80 

•Lanodon,  N.  M.,  Mgr Antrim  Iron  Co.,  Manoelona,  Mich.  '81 

fliANaELOTH,  J.,  Prest,  American  Metal  Co.,  Ltd.,  52  Broadway, 

P.  O.  Box  957,  New  York,  N.  Y,  '90 

•Lanoford,  Frank,  Supt,  Melones  Mining  Co...... Melones,  OaL  '98 
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*»Lahgton,  John,  Cons.  Engr 99  John  St.,  New  York,  N.  Y.  '01 

♦LA^NNnra/JoHH  G 138  Bidwell  Parkway,  Buffalo,  N.  Y.  '98 

^Labson,  AuuEtiK,  Min.  Engr Striberg,  Sweden.  '05 

*Labson,  Andrew  G.,  Mine  Sapt,  Genl.  Supt., 

Roflsland  Kootenay  Mining  Co.,  Ltd.,  Boasland,  B,  C,  Canada.  '04 

^Labsson,  Peb Qeal,  Mgr.,  Nora  Bergslags,  G^mensamma, 

Qrufveforvaitning,  Striberg,  Sweden.  '86 

*La  Rub,  W.  G.,  Mining. Bamboo,  Wis.  '88 

*Labh,  Horace  W.,  Vioe-Prest  and  Met  Engr.,  Garrett,  Cromwell  England 

Co.,  New  England  BIdg.,  Qeyeland,  Ohio.  '88 

fLASiiEY,  Theodore  H.,  Contractor Chattanooga,  Tenn.  '05 

*Lasley,  William  M.,  Prest,  Southern  Clay  Manufacturing  Co., 

First  National  Bank  Bldg.,  Chattanooga,  Tenn.  '00 

*Lass,  Will  P.,  Aasayer  and  Surveyor Susanville,  Ore.  '05 

*Lathrop,  William  A.,  Prest,  Pennsylvania  Coal  and  Coke  Co., 

Land  Title  Bldg.,  Philadelphia,  Pa.  '83 
*Lax7DER,  George,  Mgr.,  Carnegie  Bros.  Coke  Works, 

7403  Pennsylvania  Ave.,  Pittebnig,  Pa.  '78 

^Lauder,  Wixxiam Genl.  Mgr.,  Colonial  Iron  Co.,  Biddlesburg,  Pa.  '02 

*Laudig,  O.  O 6329  Woodlawn  Ave.,  Chicago,  111.  '98 

^Lauohlin,  James  B.,  Furnace  Snpt...Laughlin  &  Co.,  Ltd.,  Pittsburg,  Pa.  '97 

*Laxjreau,  L.  G.,  Cons.  Engr 1  West  34th  St,  New  York,  N.  Y.  '78 

^Layagnino,  G.,  Min.  Engr.,  Prest  and  Mgr., The  Conglomerate  Mining  Co., 

P.  O.  Box  550,  Salt  Lake  City,  Utah.  '85 

*Law,  John  B.,  Min.  Engr 115  York  Ave.,  Pittston,  Pa.  '91 

*Lawall,  Elmer  H.,  Min.  Engr Wilkes-Barre,  Pa.  '98 

*Lawn,  Jambb  G.,  Ai»t  Cons.  Engr.,  Johannesburg  Consolidated 

Investment  Co.,  Box  231,  Johannesburg,  Transvaal,  So.  Africa.  '97 
^Lawrence,  Benjamin  B.,  Cons,  and  Min.  Engr., 

56  Wall  St,  New  York,  N.  Y.  '82 
^Lawrence,  Charles  E.,  Supt.  of  Mines,  Hemlock  Biver  Mining  Co.,  etc., 

Amasa,  Iron  Co.,  Mich.  '93 
^Lawrence,  H.  L.,  Southern  Band  Proprietary,  Ltd.,  Vredefort, 

Orange  Biver  Colony,  So.  Africa,  '90 
^Lawrence,  Schxttler,  Min.  and  Milling  Engr.,  Managing  Partner, 
Lawrence  &  Jacobs,  Operating  Dolores  Mine  at  Santa  Eulalia  Ounp, 

Apartado  No.  3,  Chihuahua,  Mexico.  '99 

^Lawrence,  Thomas  J Topia,  Durango,  Mexico.  '02 

♦Lawrence,  Walter  L.,  Min.  Engr 719  Delaware  St,  Scranton,  Pa.  '83 

*Lawry,  Arthur  EL,  Min.  Engr.,  Combination  Mines  Co...Goldfield,  Nev,  '05 
*Law80N,  James  C.  E.,  Min.  Engr.,  Finchley  Lodge,  North  Finchley, 

London,  England.  '01 

♦Lawson,  Thomas  W. ,  Min.  Engr..Michigan  Smelting  Co.,  Houghton,  Mich.  '99 

*Lay,  Henry  C,  Civ.  and  Min.  Engr Box  206,  Telluride,  Colo.  '89 

*Leacey,  Fred.  J.,  Manager,  Foundry  Dept.,  Minnie  Harvester  Co., 

St  Paul,  Minn.  '98 

fLEARY,  Danebl  J.,  Contracting  Engr...26  West  49th  St.,  New  York,  N.  Y.  '81 

*Leavitt,  E.  D.,  Mech.  Engr 2  Central  Square,  Cambridge,  Mass.  '76 

*Le  Boutillier,  Clement,  Chem.  and  Met,  Taylor  Iron  &  Steel  Co., 

High  Bridge,  N.  J.  '91 

Le  Chatelier,  Prof.  Henri  Louis Ecole  des  Mines,  Paris,  France. 

*Lbckie,  Robert  G.,  Colonial  Club,  Whitehall  Court, 

London,  S.  W.,  England.  '79 
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*Lbckxb,  B.  G.  £.,  Biin.  Engr.  and  Mine  Owner,  Preet,  Torbrook  Iron  Co. 

of  Annapolis  Co.,  Nova  Sootia,  8udbary,  Ontario,  Canada.    '91 
**Lxi>ouz,  AitBEBT  B.,  Min.  Engr.  and  Assa/er,  Ledoax  A  Co., 

99  John  St.,  New  York,  N.  Y.    '89 
**Ledoux,  Fbederic  a.,  Ingenieur  Civil  de  Mines,  Soci^t^  Minidre  et 

Metallorgiqae  de  Penarroya,  12  Place  Vend^me,  Paris,  Franoe.    '97 
*Lee,  Abthxtb  H  ,  Sapt.,  Blast  Fumaoes,  Lackawanna  Steel  Co., 

Buffalo,  N.  Y.    '87 

*LxB,  Chbsteb  F.,  Min  Engr. 612  Colman  Block,  Seattle,  Wash.    '03 

*Leb  Enobebt  a.,  Cons.  Engr The  11th  Ave.  Hotel,  Denver,  Colo.    '06 

*Lkb,  Gbobge  B.,  Min.  Engr.  and  Met,  Snpt, 

Copper  Queen  Beduction  Works,  Douglas,  Ariz.    '04 

*Lee,  J.  Hbmbt, ..1901  North  Charles  Street,  Baltimore,  Md.    '90 

*Leb,  Mabcellub  p.,  Cyanider,  Ferreira  Gold  Mining  Co.,  Ltd., 

Box  8554  Johannesburg,  Transvaal,  South  Africa.    '05 

*Lee,  Bichabd  Henby,  Jb Gadsden,  Ala.    '88 

**Leeb,  I.  Watne  yok.  Civ.,  Min.  and  Hydraulic  Engr.,  Genl.  Mgr., 

El  Carmen  Copper  Co.,  El  Carmen,  Durango,  Mexico.     '06 
*Lebbb,  Neville,  Mine  Mgr.,  Waterson  Gold,  Ltd., 

Ocampo,  Chihuahua,  Mexico.    '05 

*Lb  Fevbe,  Henby  F.,  Min.  Engr 54  Broad  St.,  New  York,  N.  Y.    '98 

*Le  Fevbe,  Solomon,  Mgr Arnold  Mining  Co. ,  Harkness,  N.  Y.    '93 

^Leffingwell^  William  H.,  Civ.  and  Min.  Engr.,  220  Crocker  Bldg., 

San  FrancLBoo,  Cal.    '01 

*Lbqoat,  Alezandeb,  Min.  Engr P.  O.  Box  15,  Butte,  Mont.    '02 

**Lbgoett,  Thomas  H.,  Cons.  Min.  Engr., 

688  Salisbury  House,  London  Wall,  London,  E.  C,  England.    '82 
*Lehman,  Geobqe  M.,  U.  S.  Asst.  Engr.,  1106  Keystone  Bank  Bldg., 

Pittsbuig,  Pa.    '86 
^Lehmann,  Gustayub  W.,  Prof,  of  Chem.,  Chief  Chem.,  Health  Dept., 

City  Hall  Annex,  Baltimore,  Md.    '91 

*Lehmeb,  Fbank  W Address  wanted.     '02 

*Leipneb,  Henby  A.  B Address  wanted.    '03 

*LsiSENBiNa,  Walteb,  Genl.  Supt.,  M.  S.  Kemmerer  A  Co.,  Sandy  Run,  Pa.    '91 
^Letth,  Chableb  K.,  GeoL,  Prof.  Econ.  Geol.,  etc.,  University  of  Wisconsin, 

Madison,  Wis.     '03 

*Lemfbiebe,  ObcabT 29  CConnell  St.,  Sydney,  N.  S.  W.,  Australia.    '01 

*Lenole,  E.  FLEsaNO The  Arizona  Smelting  Co.,  Prescott,  Ariz.    '01 

*Lenolb,  Edwabd  M.,  Care  Fuente  Coal  Co Foente,  Coahuila,  Mexico.    '02 

^Lennig,  Nicholas,  Chairman,  M.  L.  Shoemaker  &  Co., 

of  Trinidad,  333  Drexel  Bldg.,  Philadelphia,  Pa.    '82 

*Lentz,  William  O.,  Mgr.  Partner. Lentz  4&Co.,  Mauch  Chunk,  Pa.    '85 

tLsoNABB,  Edoab  C,  Treas.,  Leonard-Taylor  Mining  Co.,  in  Nevada, 

44  Willett  St.,  Albany,  N.  Y.    '03 

^Lbonabd,  B.  W.,  Min.  Engr .Brantford,  Ontario,  Canada.    '94 

*Leonabd,  William  A.,  Genl.  Supt.,  Steel  Works  and  Mill, 

Tremont  Nail  Co.,  West  Wareham,  Mass.    '89 

*Lbbchen,  Fbank  H.,  Min.  Engr.  and  Met Deming,  New  Mexico.    '96 

^Leslie,  Hugh  M.,  Chief  Chem.  and  Supt,  Engr.,  Cyanide  Process, 

Kolarg  Gold  Field,  Marikuppam,  Mysore,  So.  India.     '97 
^Leslie,  Bosooe  B.,  Min.  Supt.,  Creston-Colorado  Co., 

Torres,  Sonora,  Mexico.    '05 
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*Lettb,  Robert  F.,  Min.  and  Oros.  Engr.,  Compafiia  Seleocionadorra 

de  Minos  7  Gomales,  334  Union,  Lima,  Peru,  So.  America. 

**Levat,  David,  Min.  Engr. 174  Boulevard  Maletherbes,  Paris,  France. 

tLsvENSAXKB,  Lewib  A.,  Stndent,  Care  The  Montana,  207  W.  Broadway  St , 

Butte,  Mont. 
*Levikqb,  Gubnn  V.  B.,  Gare  Parral  Foreign  Club..  Parral, 

Chihuahua,  Mexico. 
*LsvnT08^  Joseph  H.,  Chief  Aasajer  and  Chem.,  Taamania  Smelting  Ca, 

Zeehan,  Tasmania. 

*Lb  Wau>,  R  A.,  Civ.  A  Min.  Engr. Military  Poet,  Haines,  Alaska. 

fLEWis,  Albert Bear  Creek,  Luserne  Co.,  Pa. 

**Lewi8,  Clakgey  M.,  Prof,  of  Min.  Engr South  Pasadena,  Cal. 

*Lewi8,  Frakcib  B.,  Mine  Surveyor,  New  Unifield  (Main  Beef) 

Gold  Mining  Co.,  Box  5,  Maraisburg,  Transvaal,  So.  Africa. 

*Lewi8,  J.  VoLinsY 197  Somerset  St,  New  Brunswick,  N.  J. 

*LbwiB|  Sir  William  T.,  Civ.  and  Miu.  Engr., 
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**LiTTi<B,  Archibald,  Care  Farrar  Bros., 
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*LoNGWORTH,  William,  Mine  Mgr Lithgow,  New  So.  Wales,  Australia.    '04 
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*LoRiNG,  W.  J.,  Joint  Gtenl.  Mgr., 

Care  Bewick,  Moreing-<&  Co.,  Ealgoorlie,  Western  Australia.    '01 
**Louis,  Davidt  a.,  Min.  Engr.  and  Met.,  77  Shi rland  Gardens, 
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«LyIiE,  David  Albxandeb,  Lieut.  Colonel,  Ordnance  Dept.,  U.  S.  Army, 
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fMcCAixuM,  A.  Campbell,  Min.  Engr. Victoria,  B.  G,  Canada.    '02 

tMcCALLUH,  William  H.,  Mech.  Engr.,  6602  Germantown  Ave., 

Philadelphia,  Pa.    '84 
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*MgCot,  Jameb  W.,  President  New  Century  Exploration  and  Invest  Co., 

500-125  La  Salle  St,  Chicago,  nL  ^7 

*MgCreath,  Andrew  S.,  Chem. 223  Market  St.,  Harrisbuiig,  Pa.  ^76 

*McCrbath,  Lbslet,  Chem 223  Market  St,  Harrisburg,  Pa.  ^02 
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*MAOCALiiUM,  N.  K,  Supt,  Steel  Plant,  Phoenix  Iron  Co.,  Phoenixville,  Pa.    '02 

*Maoco,  Heinbigh,  Civ.  and  Met.  Ekigr. Slegen,  Germany.    '92 

*MaoDonaij>,  Bebkabd Apartado  23,  Guanajuato,  Mexico.     '89 

•Macdonald,  Chablbs,  CLy.  Engr. 2  Wall  Street,  New  York,  N.  Y.    '75 

*MagDonaij>,  Jebbb  J.,  Min.  Engr.,  Genl.  Mgr.,  Mendosa  Consolidated 

Copper  Mining  Co.,  Triunfo,  Lower  California,  Mexico  (yia  Nogales,  Ariz ).     '00 
^Macdonauo,  Joseph,  Mine  Mgr.,  Alaska  Treadwell  Gold  Mining  Co., 

Douglas  Island,  Alaska.    '96 
*MacDonai.d,  Michael  E.,  Mine  Manager,  Guanajuato  Consolidated 

Mining  &  Milling  Co.,  etc.,  Guanajuato,  Mexico.    '02 
*MagDonaij>,  William  T.,  Min.  Engr.,  301  Livingston  Hall, 

Amsterdam  Ave.  and  115th  St.,  New  York,  N.  Y.    '01 
*MAGDOuaAL,  Charles  W.,  Min.  Engr., 

Care  Quincy  Mining  Co.,  Hancock,  Mich.    '04 
^Macfablane,  Gbaham,  Prest.,  Red  River  Iron  Co., 

53  American  National  Bank  Bldg.,  Louisville,  Ky.     '86 
*MacFablake,  Rienzo  W.,  Mgr.,  Cherokee  (Mexican)  Prop.  Co., 

Parral,  Chihuahua,  Mexico.  ^02 
*Maogeo&oe,  Alexander  J.,  Min.  Investor..Kalgoorlie,  Western  Australia.  '97 
*Machalske,  Dr.  Florentine  J.,  Research  Chem.,  P.  O.  Box  25, 

Station  "W,"  Brooklyn,  N.  Y.    '08 
*Maokay,  Angus,  Min.  and  Milling,  La  Rica  Consolidated,  Blewett,  Wash.    '87 

*Macejly,  Anqtts  R.,  Chem Parsons,  New  Mexico.    '96 

*Mackat,  Philip  A.,  Mgr.,  Acid  and  Phosphate  Depts.,  Mt.  Lyell  Mining 

A  Refining  Co.,  39  Queen  St.,  Melhoume,  Victoria,  Australia.     '99 

*Mackat,  Walter,  Mining Mammouth  Mining  Co.,  Wallace,  Idaho.    '87 

^Mackenzie,  G.  S.,  Met.,  Sydney  Tin  Smelting  Co., 

Woolwich,  New  South  Wales,  Australia.    '87 
^Mackenzie,  Lottis,  Mech.  Engr.,  La  Belle  Iron  Works. Bteubenville,  Ohio.    '96 

*Mackey,  Perry  D Care  National  Tube  Co.,  Wheeling,  W.  Va.    '94 

*MacKinnon,  G.  W.  W.,  Care  George  Duncan  &  Co.,  2  East  India  Ave., 

Leadenhall  St.,  London,  E.  C,  Enghind.    '93 

*Maclbnnan,  Frank  W.,  Min.  Engr Ely,  Nev.    '04 

^MacLeod,  Wm.  Alex.,  Mine  Mgr.,  Brillient  Extender  Gold  Mining  Co., 

Charters  Towers,  Queensland,  Australia.     '01 
^MacNaughton,  James,  Prest.  &  Treas.,  Maclntyre  Iron  Co., 

26  Cortlandt  St.,  New  York,  N.  Y.    '93 
*MaoNaughton,  Jambb,  Min.  Engr.,  Genl.  Mgr.,  Calumet  &  Hecla  Mines, 

Calumet,  Mich.    '90 
**MagNeill,  Charles  M.,  Vice-Prest.  and  G^nl.  Mgr.,  XJ.  S.  Reduction  A 

Refining  Co.,  etc,  Colorado  Springs,  Colo.    '99 
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^HACSXjTtf  GflAJEUiBB  H.,  Min.  Engr.,  Genl.  Mgr^  Society  dee  Mines  de 

Galore  de  Gatemoa  Go^  Gaasilla  1000,  Valparaiso,  Ghill,  So.  Amerioa. 

^Macomb,  Johk  ds  N^  Jk 1407  Kentucky  St,  Lawrence,  Kan. 

^MaoPherban,  BAI.FH  S.,  Ghem AUu-Ghalmen  Go.,  Milwaukee,  Wia. 

^Maffktt,  Bobbbt  B.,  Met.,  Sapt,  Orfoid  Gopper  Go Bayonne,  N.  J. 

*Maqbnav»  WnxiAM,  Gyanide  Met Box  232,  Deming,  New  Mexico. 

^Magnuson,  Mabk  G.,  Aflst.  Sapt,  Anita  Gopper  Mines  Go.,  8.  A., 

Gocoeit,  Sonora,  Mexico. 
^Maqbudeb,  William  T.,  Prof,  of  Mech.  Engineering, 

Ohio  State  Uniyersitj,  Golumbus,  Ohio. 
*Maih,  Alfbed  F.,  Asst.  Genl.  Mgr.,  El  Ore  Mining  &  Bailway  Go.,  Ltd., 

El  Oro,  Mexico,  Mexico. 
^Maihwabinq,  Hugh  M.  G.,  Min.  Surveyor,  Gare  Ghillagoe  Bailway  & 

Mines,  Ltd.,  Ghillagoe,  Queensland,  Australia. 
*MAnxA]fD,  Geobge  G.,  Min.  Engr., 

Gare  Union  Bank  of  Australia,  71  Gomhill,  London,  E.  G.,  England. 
*Maiz,  Joaquin,  Banker  and  Merchant,  Zuacua  No.  5, 

Monterey,  Nueva  Leon,  Mexico. 
*Makita,  Tamaki,  Min.  Mgr.,  Ghief  Engr.  to  Miike  Goal  Mines,  Mitsui 

Mining  Go.,  Tokio,  Japan. 
^Malcolmsok,  Jaues  W.,  Gons.  Engr., 

Mills  Bldg.,  or  P.  O.  Box  327,  El  Ptoso,  Texas. 

*Malins,  Fbancis  a.,  Min.  Engr 429  16th  St.,  Denver,  Golo. 

*Malm,  J.  Lawrence Gorbin,  Mont. 

^Mandell,  FbakkG.,  Min.  Engr Hailey,  Idaho. 

*Manlet,  Fbakk  Austin,  Ghief  Engr.,  Union  Pacific  Goal  Go., 

Box  194,  Bock  Springs,  Wyo. 
*Manijsy,  Henby  L.,  Min.  Engr.,  Grows'  Nest  Pass.  Goal  Go., 

Femie,  B.  G.,  Ganada. 

*Mann,  James  S.,  Assay er  and  Ghem.,  University  of  Arizona,  Tucson,  Aria. 

*Mann,  William  S.,  Met.  and Gyanide Mgr.,  Montezuma  Gonsolidated  Gold 

Mining  Go.,  Mirimar,  Gosta  Bica,  Gentral  America  (via  New  Orleans). 

*Mannesmann,  Bobebt Bemscheid,  Germany. 

*^Mannhbim,  Ebnest  a.,  Min.  Engr Address  wanted. 

*Mannheim,  p.  a.  L.,  Met.,  Perth  Amboy  Plsnt,  American  Smelting  A 

Befining  Go.,  Maurer,  N.  J. 

^Mansfield,  Nathan  T 21 24  Parker  St.,  Berkeley,  GaL 

♦Maecy,  Fbank  E.,  Ghem.  Engr., 

307  Battery  Park  Bldg.,  24  State  St.,  New  York,  N.  Y. 

**Mabengo,  Paolo,  Min.  Engr Boccheggiano,  Minora,  Grosseto,  Italy. 

*Mabkle,  Alvan,  Markle  Banking  and  Trust  Co Hazleton,  Pa. 

^Mabkle,  John,  Min.  Engr.,  Managing  Partner,  G.  B.  Markle  &  Go., 

Jeddo,  Pa. 
*Mabes,  Mabk  M.,  Met.,  Gare  Tasmania  Smelting  Gc.Zeehan,  Tasmania. 

*Mabb,  Bobebt  A.,  Met  Engr Union,  Ore. 

**Mabbineb,  Jno.  T.,  The  Duff  Development  Co.,  Ltd., 

Care  Paterson,  Simons  &  Co.,  Singapore,  Straits  Settlements. 
♦•Mabbiott,  Hugh  F.,Gons.  Min.  Engr.,  Gare  Wemher,  Beit  &  Co., 

1  London  Wall  Bldgs.,  London,  E.  G.,  England. 

*Mab8H,  Bichabd,  Assayer. 107  S.  Mill  St.,  Spokane,  Wash. 

^Mabshali^  James  J.,  Civ.  and  Min.  Engr...Ansted,  Lafayette  Co.,  W.  Va. 
*Mabshall,  Winfbed  S.,  Mine  Mgr.. ..Lock  Box  112,  Ocean  Springs,  Miss. 


MEMBBR8   AND   AS80CIATB8.  71 

*Mabtin,  Dr.  a.  A.,  Min.  £ngr.,  Neastiidtiiche  Kirchstrasae  15, 

Berlin,  N.  W.  7,  Germany.    '00 
**Mabtin,  Edwakd  p.,  Ciy.  Engr.,  Director  of  Guest  Keen  Co.,  Ltd., 
and  Nettlefolds,  Ltd.,  The  Hill,  Abergavenny, 

Monmouth,  England.    '81 
^Ma&tdt,  John  Fbltx,  Mgr.,  Dir.,  Jamee  Martin  &  Co.,  Ltd., 

Engineers  &  Founders,  Gawler,  South  Australia.    '98 
*Mabtik,  Nicholas  J.,  Genl.  Supt.  of  Companies  Controlled  by  the 

North  American  Copper  Co.,  Encampment,  Wyo.    '00 
*Mabtin,  Simon  S.,  Supt,  Steel  Dept.,  Maryland  Steel  Co., 

612  C  St.,  Sparrows  Point,  Md.    '99 
^Mabtinez,  Adolfo,  Cia.  Metallurgica  Mezicana,  San  Luis  Potoe(,  Mexico.    '02 

tMABvnr,  Charles  D.,  Banker 18  Wall  St.,  New  York,  N.  Y.    '06 

*Mason,  James  G.,  Care  Robinson  Deep  Gold  Mining  Co., 

P.  O.  Box  1488,  Johannesburg,  Transvaal,  South  Africa.     '05 

^Mason,  RuasBLL  T.,  Min.  Engr 228  South  Pleasant  St,  Prescott,  Ariz.    '93 

^Masbenez,  Joseph,  Engr 10  Humboldtstrasse,  Wiesbaden,  Germany.    '91 

*Ma8tbb8,  Harris  K Instructed  to  hold  all  mail.    '95 

*Matcham,  Charles  A.,  Genl.  Mgr.,  Lehigh  Portland  Cement  Co., 

Allentown,  Pa.    '97 

♦Mather,  Henry  A.,  Chem 52  Beaver  St.,  New  York,  N.  Y.    '00 

♦Mather,  Samuel,  Merchant  in  Iron  Ore,  Pig  Iron  and  Coal, 

Western  Reserve  Bldg.,  Cleyeland,  Ohio.    '79 
♦Mather,  William  G.,  Prest,  Cleveland  Cliff  Iron  Co., 

Mercantile  Bank  Bldg.,  Cleveland,  Ohio.    '86 
♦Mathbbon,  William  G.,  Mgr.,  I.  Matheson  &  Co.,  Ltd., 

New  Glasgow,  Nova  Scotia.    '85 

♦Mathews,  Edward  J 71  Dexter  Horton  Bank  Bldg.,  Seattle,  Wash.    '97 

♦Matthews,  Frederick  W.,  Min.  Engr., 

P.  O.  Box  8,  East  Band,  Transvaal,  So.  Africa.    '04 
♦♦Mathxwbon,  £.  P.,  Met.,  Mgr.,  Eeduction  Works, 

Anaconda  Copper  Mining  Co.,  Anaconda,  Mont    '89 

♦Mattbrn,  Herman,  Min.  Mgr. Lewistown,  Mont.    '02 

♦Mattes,  Charles  C,  Civ.  and  Min.  Engr.,  Genl.  Mgr.,  Lackawanna  Iron 

and  Coal  Co.,  615  Lackawanna  Ave.,  Scranton,  Pa,    '81 

♦Mattes,  William  F.,  Cons.  Engr 615  Lackawanna  Ave.,  Scranton,  Pa.    '81 

♦Matthiessen,  F.  W Matthiessen  A  Hegeler  Zinc  Co.,  La  Salle,  III.    '84 

♦Matjkey,  a.  C,  Cashier Whitney  Reduction  Co.,  Gold  Hill,  N.  a    '94 

♦Maxtrice  Joseph,  Min.  Engr.,  Directeur  de  la  C?^  Mini^re  et  Industrielle 

de  Mansilla,  MansUla  de  la  Siefra,  Province  de  Logrono,  Spain.    '90 
♦Maurice,  Juan,  Min.  Engr.,  Mgr.,  The  Boyal  Silver  Mines  of  Potosi, 

Bolivia,  Ltd.,  Potosi,  Bolivia,  South  America.     '00 
♦Mazsoit,  Chester  W.,  Mine  and  Oil  Investments, 

1950  Park  Grove  Ave.,  Los  Angeles,  CaL    '02 
♦Maxwell,  Frederick  A.  G.,  Met.,  Bandfontein  Estates  Gold  Mining  Co., 

Bandfontein,  Transvaal,  South  Africa.    '05 
♦Maxwell,  Jno.  W.  C,  Min.  Engr.. ..320  Sansome  St.,  San  Francisco,  Cal.    '02 

♦Maxwell,  William,  Mill  Owner Georgetown,  Queensland,  Australia.    '04 

♦♦May,  Albert  Edward,  Asst.  Mgr.>  Eastern  Oregon  Mining  Co., 

Bourne,  Ore.    '02 

♦May,  De  Courcy Prest.,  New  York  Shipbuilding  Co.,  Camden,  N.  J.    '79 

♦♦May,  Jesse  J.,  Mgr.,  Mine  and  Mill  of  Alma  Gold  Mining  Co., 

Idaho  Springs,  Colo.    '01 
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*Mat,  Lawrence,  Min.  Engr.,  Care  Mining  Engr's  Office, 

Cananea  Consolidated  Copper  Co.,  Cananea,  Sonora,  Mexico.    '03 

*Mateb,  Lucnm  W.,  Min.  Engr.,  Strattons  Independence Victor,  Colo.    '05 

^Matkard,  George  W.,  Min.  and  Met.  Engr.,  Prest.,  Monitor  Copper  Co., 

20Na88aaSt,NewYork,N.Y.    '71 

«Matmard,  Bea  E.,  Min.  Engr 1310  Palm  8t,  Loa  Angeles,  CaL     '94 

*Mayo,  James  H.,  Coal  Operator,  Mgr.,  Mindrineti  Placer  Mining  Co., 

Paramaribo,  Dutch  Guiana,  So.  America.    '82 

*Meacham,  Daniel  B.,  Iron  Mfr Carew  Bldg.,  Cincinnati,  Ohio.    '05 

*Means,  ELiiisoN  C,  Prest.  and  Gen.  Mgr.,  Low  Moor  Iron  Co.  of  Va., 

Low  Moor,  Va.    '88 
*Mban8,  John  H.,  Min.  Engr.,  Care  Bewick,  Moreing  &  Co., 

20  Copthall  Ave.,  London,  R  C  ,  England.     '97 
^Meeker,  David  M.,  Fonndryman,  Vice-Prest.  and  GenL  Mgr., 

Meeker  Foundry  Co.,  Newark,  N.  J.  '91 
^Meeks,  Beqinau),  Chem.  and  Met.. ..17  West  84th  St,  New  York,  N.  Y.  '02 
*Mbgraw,  Herbert  A.,  Met.  and  Engr.,  Director  Cyanide  Works, 

The  lola  Mining  Co.,  Candon,  N.  C.  '01 
*Meeer,  Edward  D.,  Prest.  and  Chief  Engr.,  Heine  Safety  Boiler  Co., 

11  Broadway,  New  York,  N.  Y.    '86 
*Meikleham,  Thomas  M.  R,  Mech.  and  Elec.  Engr., 

44  Broad  St.,  New  York,  N,  Y.     '04 
*Mein,  William  W.,  Care  Bobinson  Mine, 

P.  O.  Box  1024,  Johannesburg,  Transvaal,  So.  Africa.    '00 
*Mei8SNER,  Carl  A.,  Min.  Engr.,  Care  United  States  Steel  Corporation, 

71  Broadway,  New  York,  N.  Y.     '00 

*Mei8TER,  Herman  C 2930  Geyer  Ave.,  St.  Louis,  Mo.    '77 

*Mellibs,  D.  Ernest,  Cons.  Min.  and  Civ.  Engr.,  208  California  St., 

San  Francisco,  CaL     '00 
^Melzer,  Gustav  K,  Min.  Engr.  and  Met,  Mgr.  and  Treas.  of  the  Eastern 

Oregon  Mining  Co.,  Bourne,  Baker  Co.,  Ore.     '00 
*Menzie8,  Joseph  F.,  Genl.  Supt.,  Northwestern  Improvement  Co., 

Roslyn,  Wash.     '05 

*Mercer,  Harrt  T.,  Min.  and  Civ.  Engr Trimoontain,  Mich.    '05 

*Mercer,  John  W.,  Genl.  Mgr.,  South  American  Development  Co., 

P.  O.  Box  336,  Guayaquil,  Ecuador,  and  15  Broad  St.,  New  York,  N.  Y.    '97 

♦Mehcur,  Robert  S.,  Genl.  Mgr.,  Kingston  Coal  Co Kingston,  Pa.    '00 

^Merricks,  Frank,  Min.  Engr.,  5  Great  Winchester  St., 

London,  E.  C,  England.    '92 

^Merrill,  Charles  W.,  Met .Homestake  Mining  Co. ,  Lead,  So.  Dak.    '92 

»Merrill,  Edward  P.,  Genl.  Supt,  U.  S.  Coal  &  Oil  Co., 

Holden,  Logan  Co.,  W.  Va.  '01 
♦Merrill,  Frederick  J.  H. ,  Geol. ,  Room  1209, 60  Wall  St,  New  York,  N.  Y.  '85 
♦Merrill,  George  P.,  Head  Curator  Geol.,  U.  S.  National  Museum, 

Washington,  D.  C.     '03 
♦Merriman,  Mansfield,  Prof,  of  Civil  Engineering,  Lehigh  University, 

South  Bethlehem,  Pa.  '05 
♦Merry,  Henrt  G.,  Genl.  Mgr...Montana  Coal  &  Coke  Co.,  Electric,  Mont.  '89 
fMERRYWEATHER,  Groroe,  Genl.  Wcstem  Agt,  Coze  Bros.  A  Co.,  Lie, 

601  The  Rookery,  Chicago,  111.    '80 

♦Merton,  Edward  A.,  Min.  Engr Tepehuanes,  Durango,  Mexico.     '08 

fMERWiN,  Eugene  W.,  Min.  Engr., 

Care  Promontorio  Consolidated  Mining  Co.,  Nogales,  Aris.     '03 
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^MEBsrrxBy  Edwin  H.,  Engr.,  Hobins  ConTeyiDg  Belt  Co., 

13  Payk  Row,  New  York,  N.  Y.    '01 
*MsasLXB,  EuGBNS  L.,  Genl.  8upt,  Elize  Furaaces,  Coke  Works, 

Jones  &  McLaughlin  Steel  Co.,  Pittsburg,  Pa.  '97 
*Mb8TA,  Gbobob,  Prest,  Mesta  Machine  Co..708  Lewis  Block,  Pittsbuig,  Pa.  '02 
**METCAiiF,  Alfbed  T.,  Genl.  Mgr.,  United  Reefs  (Sheba),  Ltd., 

Eureka  City,  Transvaal,  So.  Africa.    '91 

*Mbtcalf,  William 1  Fulton  St,  Pittsburg,  Pa.    '94 

*Metcalfe,  G.  W United  States  Smelting  Co.,  West  Jordon,  Utah.    '96 

*Meyeb,  a.  R 818  Dwight  Bldg.,  Kansas  aty,  Mo.    '86 

*Meyeb,  Db.  Fbanz,  Treas.,  Metallurgical  Company  of  America, 

52  Broadway,  New  York,  N.  Y.    '03 
*Miij>bon,  Rbqinald  B.,  Civ.  and  Min.  Engr., 

816  Boston  Bldg.,  Denver,  Colo.    '05 

*Miij:^bd,  Frank  W.,  Min.  Engr Ely,  Nev.    '03 

^MiLLEN,  John  D.,  Min.  and  Met.  Engr.,  Mt.  Bischoff  Works, 

Lannoeston,  Tasmania.    '05 
*Mtt.t.er,  Alfbed  S.,  Prof,  of  Mining,  Met.  and  Geology, 

University  of  Idaho,  Moscow,  Idaho.    '98 
^MiLUSB,  Chableb  L.,  Genl.  Supt,  American  Steel  A  Wire  Co., 

Tradesmen  Bldg.,  Pittsburg,  Pa.    '93 

^Miller,  Chableb  W.,  Min.  Engr... Bar8tow,Cal.    '84 

*MiLLEB,  D.  Ibvino Sheffield,  Ala.    '02 

^MiLLEB,  Edmund  H.,  Prof,  of  Anal.  Chem.  and  Assaying, 

Columbia  University,  New  York,  N.  Y.    '96 

^MiLLEB,  Emory  T.,  Min.  Engr Juragua  Iron  Co.,  Santiago,  Cuba.    '03 

*MiLLEB,  Geoboe  L.,  Min.  Engr.,  Genl.  Mgr., 

Kettle  Creek  Coal  Mining  Co.,  Bitumen,  Pa.     '05 
*MiLLEB,  ELilBBY  R,Cons.  Met.  and  Chem., 

331  Pine  St,  San  Francisco,  Cal.    '01 
*MiLLEB,  Habby  H.,  Min.  Engr.,  Met  and  Chem.,  Genl.  Mgr., 

Balsas  Valley  Co.,  Cons.  Engr.  to  the  Parral  Corporation, 

7  Nassau  St,  New  York,  N.  Y.    '95 
*Mn.T.KR,  Jameb,  Bento  Gold  Estates,  Ltd., 

Santa  Barbara,  Minas  Garaes,  Brazil,  So.  America.    '95 
*Milleb,  Jameb  W.,  Min.  Engr.,  Balsas  Valley  Co., 

San  Nlcolos  del  Oro,  Guerrero,  Mexico.     '05 
^MiLLEB,  Joseph,  Min.  Engr.,  Knutsen  &  Miller,  53  Steamship  Bldgs., 

Currie  St,  Adelaide,  So.  Australia.    '99 
*MiLLEB,  Leonabd  B.,  Lake  Superior  Iron  Ore,  Oglebay,  Norton  &  Co., 

Wade  Bldg.,  Cleveland,  Ohio.    '93 

*MiLLEB,  Spenceb,  Mech.  Engr 96  Liberty  St,  New  York,  N.  Y.    '90 

*MiLLEB,  Stephen  C,  Chem.,  Mineralogist  and  Assayer, 

Room  337,  War  Department,  Washington,  D.  C.    '04 
*Mtller,  W.  Clayton,  Min.  Engr.,  Asst  Genl.  Mgr., 

Federal  Mining  &  Smelting  Co.,  Wallace,  Idaho.    '95 

**MiLLBR,  WiLLET  G.,  Prov.  Geol Bureau  of  Mines,  Toronto,  Canada.    '03 

*MiLLER,  William  P.,  Jr.,  Met, 

Room  106,  Crocker  Bldg.,  San  Francisco,  Cal.  '93 
*MiLLB,  Charles  E.,  Supt,  Detroit  Copper  Mining  Co.,  of  Arisona, 

Morend,  Aris.    '90 
*MiLLB,  Edwin  W.,  Asst  Supt,  Oriental  Consolidated  Mining  Co., 

Chemulpo,  Korea.    '04 
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*Mti.L8,  EnoBNB  C,  Min.  Engr 408  65th  St,  Oakland,  OaL  '01 

^Mn^UB,  Fbank  p.,  Genl.  Mgr.,  Loop  Creek  Colliery  Co Page,  W.  Va.  '83 

♦MiLM,  Louis  D P.  O.  Box  91,  Lead,  So.  Dakota.  »01 

fMiLLS,  Wh.  F.  JEL,  Pnbliflher  and  Mine  Owner,  Prest,  Mimng  Btporter, 

1729  Arapahoe  St,  Denver,  Colo.  '04 

*MiNABD,  Fbedxbick  H.,  Min.  Engr..... 407  Equitable  Bldg.,  Denver,  Colo.  '97 
*MiNEB,  Hablan  S.,  Chemist, 

Care  Welsbaoh  Light  Co.,  Qlouoester  City,  N.  J.  '04 
^MiNQATE,  John  C.  H.,  Analygt^  Chem.  Laboratory,  Dept.  of  Mines, 

Sydney,  New  South  Wales,  Australia.  '91 
*MiBANDA,  Jaquanhabo  de,  Min.  Engr., 

Alfaodego  20,  Bio  de  Janeiro,  Brazil,  South 'America.  '05 
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tOiJVBB,  Gen.  Paux  A.,  Eetired Oliver's  Mills,  Pa.    '71 

*OiJyxB,  BoBKBT  S.,  Continental  Atlas  Mines Alta,  Utah.     '05 

*Obd,  WnxiAM  D.,  Genl.  Mgr.  and  Vioe-Prest , 

Empire  Coal  A  Coke  Co.,  Landgraff,  W.  Va.    '88 
^ObdoI^  EzsquiEL,  Min.  Engr.,  Sub  Dir., 

Instituto  Geologico  de  Mezieo,  Mexico  Citj,  Mexico.    '00 

^*Obfobj>^  EbkjbtY.,  Mine  Mgr De  Lamar,  Idaho.    '02 

*Obmbod,  Georob,  Mgr.  and  Treas.,  Donaldson  Iron  Co., 

Emaus,  Lehigh  Co.,  Pa.    '81 

^K>BMBOi>,  John  D.,  Mech.  Engr Emaus,  Lehigh  Co.,  Pa.    '89 

*Obmhbeb,  James  J.,  Supt El  Paso  Smelting  Works,  El  Paso,  Texas.    '87 

*0'BouBKE,  Michael 521  East  3d  South  St.,  Salt  Lake  City,  Utah.    '99 

^K)bb,  Auoander,  Anal.  Chem.  and  Assayer, 

35a  Bligh  St,  Sydney,  New  South  Wales,  Australia.  '01 
*Orb,  Charlbb  T.,  Mine  Operator,  Mgr.,  Scioto  Zinc  Co.. ..Webb  Qty,  Mo.  '03 
K)kb>Wiixiam,  Chief  Met.,  The  Gold  and  Silver  Extraction  Co.  of 

America,  Ltd.,  2825  Fairview  Ave.,  Denver,  Colo.    97 
tOraoRN,H.  H.,  Mine  Accountant,  Balaghat  Gold  Mining  Co.,  Ltd., 

Coromandel  P.  O.,  Mysore  Province,  South  India.    '03 
*Obbokne,  Francis  D.,  Min.  and  Cons.  Engr.,  Ipoh,  Perak, 

Straito  Settlements,  Malay  Peninsula.    '00 
*OsBORNE,  Henbt  Z.,  U.  S.  Marshal  Southern  Dist  of  CaL,  Prest  Union 

Consolidated  Gold  Mines  Co.,  401  West  28d  St.,  Los  Angeles,  Cal.    '00 

ttOeoooD,  John  C,  Retired Bedstone,  Colo.    '05 

*0bqood,  Samuel  W.,  Genl.  Mgr.,  Treas.  and  Vice-Prest.,  The  San  Juan 

Ore  Co.  of  Bico,  Colo.,  Boom  10,  225  Dearborn  St,  Chicago,  III.    '00 
«^H3sHiMA,  BoKURO,  Dir.  and  Genl.  Mgr.,  Hokkaido  Colliery  &  B.B.  Co., 

Sapporo,  Hokkaido,  Japan.    '97 

Osmond^  Floris 83  Boulevard  des  Courcelles,  Paris,  Franoe. 

^^PsTRANDER,  J.  E.,  Prof.  of  Civil  Engineering  and  Mathematics, 

Massachusetts  Agricultural  College,  Amherst,  Mass.    '94 
*Obwald,  WiiiUAM,  Genl.  Mgr.,  Bombach  Iron  &  Steel  Co.,  Bheinsollstrasse 

6,  Coblentz,  Germany.     '99 
*Otaoawa,  Mabayuki,  Civ.  and  Min.  Engr., 

415  W.  118th  St.,  New  York,  N.  Y.    '04 
*Oterfbcb:,  a.  C,  Supt  and  Met.,  The  Dakota  Calumet  Co., 

Hill  City,  So.  Dakota.     '02 

*Owen,  Josiah,  Min.  Engr.  and  Geol Los  G^tos,  CaL    '00 

*0xNAM,  Thomas  H.,  Min.  Engr.,  Palmarejo  and  Mexican  Gold 

Fields,  Ltd.,  etc.,  Chinipas,  Chihuahua,  Mexico.    '91 
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*Paokabd,  Qeobgb  a.,  Cone.  Min.  Engr., 

Boom  1030,  60  State  St.,  Boston,  Mass.  '92 

*Paddack,  Lewis  R,  Min.  £ngr 18  West  Sd  St,  Dulath,  Minn.  '05 

*Paoe,  Ghableb  R,  Min.  Engr P.  O.  Box  922,  Butte,  Mont.  '05 

*Pagb,  Gbobob  S.,  Min.  Engr.,  Asst.  Mgr., 

Park  Works,  Crucible  Steel  Co.  of  America,  Pittsboig,  Pa.  '86 

*Pagb,  Wai/teb  T...Omaha  &  Grant  Smelting  &  Befining  Co.,  Omaha,  Neb.  '82 

*Paob,  WujLIAM  Bybd,  Min.  Engr. 929  Equitable  Bldg.,  Denver,  Colo.  '77 

♦Page,  WauAM  Q.,  Min.  Engr Halle^,  Idaho.  '05 

•Page,  Wimjam  N.,  Civil  &  Min.  Engr.,  Prest,  Gauley  Mt 

CoalCo.,An8ted,W.Va.  '80 
*Pagijughi,  Frank  D.,  Care  J.  Bamaociotti,  164  W.  27th  Street, 

New  York,  N.  Y.  '01 

fPAiKTEB,  Pabk,  Steel 860  Bidge  Ave.,  Allegheny,  Pa.  '90 

•Pautteb,  Bobebt  K.,  Min.  Engr...Supt.,  Cabin  Branch  Mine,  Dumfries,  Va.  '97 

•Painter,  William,  Mech.  Engr 1523  Guilford  Ave.,  Baltimore,  Md.  '93 

•Palaoiob,  Josi  G.,  Federal  Assay  Officer,  Chief,  Oficina  Federal  de  Ensaye, 

Monterey,  Nueva  Leon,  Mexico.  '98 
•Palmer,  Chablbb  S.,  Chem.,  Asst.  Editor  Engineering  and  Mining  Journal, 

506  Pearl  St.,  New  York,  N.Y.  '04 
•Palmeb,  Cobtlandt  E.,  Min.  Engr.,  Genl.  Supt, 

Guggenheim  Exploration  Co.,  71  Broadway,  New  York,  N.  Y.  '89 

•Palmeb,  Edward  V.,  Min.  Engr 207  McPhee  Bldg.,  Denver,  Colo.  '92 

•Palmer,  Ernest  E Instructed  to  hold  all  mail.  '02 

•Palmer,  Obed  A.,  Min.  Engr.,  Ontario  &  Daly  Mines,  Boom  8  Masonic 

Bldg.,  Salt  Lake  City,  Utah.  '87 
•Palmer,  Bobebt  E.,  Min.  Engr.,  Mgr.,  Undeigiound  Dept.,  Bio  Tinto 

Co.,  Ltd.,  80  St  Swithin's  Lane,  London,  England.  '00 
•Palmeb,  Thomas  H.,  Genl.  Mgr.,  Broken  Hill  Traction  North  Mine, 

Broken  Hill,  New  South  Wales,  Australia.  '99 

•Palmeb,  William  J.  A.,  Mill  Supt A  vino,  Durango,  Mexico.  '04 

•Pardee,  I.  P.,  Min.  Engr... Prest.,  Hazleton  Iron  Works,  etc.,  Haaleton,  Pa.  73 
•Park,  James,  Prof,  of  Mining  and  Dir.,  Otajo  University  School  of  Mines, 

Dunedin,  New  Zealand.  '97 
•Park,  Munoo,  Min.  Engr.,  The  Clydesdale  (Transvaal)  Colleries,  Ltd., 

Wolvehoek,  Transvaal,  So.  Africa.  '02 
•Pabk,  Walteb  E.,  Engr.  and  Mgr.,  Eraser  &  Chalmers,  Ltd., 

P.  O.  Box  619,  Johannesburg,  Transvaal,  So.  Africa.  '92 

•Pabkb,  William  G Vice-Prest.,  People's  Coal  Co.,  Scranton,  Pa.  '91 

•Pabker,  Charles  F Apartado  2279,  Mexico  City,  Mexico.  '08 

•Parker,  Edward  W.,  Statistician,  U.  S.  Geological  Survey, 

Washington,  D.  a  '90 
•Parker,  J.  L.,  Min.  Engr.,  Genl.  Mgr.,  Brown  Alaska  Co., 

Hadley,  Ketchikan  P.  O.,  S.  E.  Alaska.  '97 
•Parker,  Joseph  R,  Care  Bhodesia  Exploration  &  Development  Co., 

P.  O.  Box  213,  Bulawayo,  Bhodesia,  South  Africa.  '05 

•Parker,  Bichard  A.,  Cons.  Min.  Engr... .217  Boston  Bldg.,  Denver,  Colo.  '82 

•Parker,  Bussell 3406  Oakhill  Ave.,  St.  Louis,  Mo.  »82 

•Parker,  Willard  J.,  Mine  Mgr.,  Metropolitan  Life  Bldg., 

Madison  Ave.  and  23d  St,  New  York,  N.  Y.  '02 

fPARKiN,  William  M.,  Min.  Engr.,  Wisconsin  Graphite  Co.,  Pittsburg,  P^  '01 

•Parnall,  S.  a Care  Calumet  &  Arizona  Mining  Co.,  Bisbee,  Ariz.  '90 

•Parrish,  Samuel  F.,  Min.  Engr Box  632,  Salt  Lake  City,  Utah.  '97 
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*Pabson8,  Charles  B St.  Joseph  Lead  Co.,  Bonne  Terre,  Mo.  '74 

^Pabbonb,  William  B.,  avil  Engr 22  William  St,  New  York,  N.  Y.  '91 

*Pabxz,  Julius  L.,  Mul  Engr Oarters,  GaL  '05 

*Pa880W,  Fbsdk.  M.,  Min.  Engr.,  Care  Ck>pper  City  Commercial  Co., 

Anaconda,  Mont  '02 
*Patgh,  Maubigb  B.,  Sapt,  Buffalo  Smelting  Works, 

1  Austin  St,  Buffalo,  N.  Y.  '88 
^Patbbson,  Edward  A.,  Min.  Engr., 

30  and  31  St  Swithin's  Lane,  London,  R  C,  England.  '00 

*Patbr80N,  Geo.  A .Oorgaum,  Mysore  State,  South  India.  '01 

*Pattbebo,  Otto  F.,  Min.  Engr ..107  Sherman  Place,  Jersey  City,  N.  J.  '00 

^Patterson,  Alfred  B.,  Min.  Engr Atlanta,  Idaho.  '08 

*Pattersok,  Gboroe  R,  Mine  Supt 232  South  14th  St,  Denver,  Colo.  '99 

^Patterson,  G.  S.,  Civil  and  Min.  Engr Vivian,  W.  Va.  '88 

^Patterson,  Seely  B.,  Supt,  Bobesonia  Iron  Co.,  Ltd Bobesonia,  Pa.  '88 

tPATTisoN,  Myron  A.,  Met.,  Colorado  and  Southern  By.  Co., 

3927  Goss  St.,  Denver,  Colo.  '02 
•Paul,  Frederick  P.,  Met  Engr.,  Care  Paul  <&  Gray,  Sussex  St., 

Sydney,  New  South  Wales,  Australia.  '08 

*Pauli,  Dr.  H. ,  Civ.  and  Met  Engr...Herder8trasBe  65,  Dusseldorf,  Germany.  '02 
*Paymal,  George  W.,  Min.  and  Met  Engr., 

786  McAllister  St,  San  Francisco,  Cal.  '04 
*Patnb,  a.  C,  Min.  and  Met  Engr.,  Care  Oil  Fields  Mexico  Co., 

Papantla,  Vera  Cruz,  Mexico.  '91 

•Payne,  C.  Q.,  Min.  Engr. 99  John  St.,  New  York,  N.  Y,  '81 

•Payne,  Clyde  A.,  Prof,  of  Science Ashland,  Ore.  '08 

•Payne,  Herbert  (f  ...P.  O.  Box  1279,  Johannesburg,  Transvaal,  So.  Africa.  '97 
•Pearge,  Frank  E.,  Mine  Mgr.,  Iron  Dyke  Copper  Mining  Co., 

Homestead,  Ore.  '00 
•Pbarce,  Harold  V.,  Met,  Mgr.,  Boston  &  Colorado  Smelting  Co., 

Argo,Colo.  '01 

••Pbarce,  Richard,  Betired 1712  Sherman  Ave.,  Denver,  Colo.  '74 

•Prarce,  Richard  F.,  Met.,  Mgr., 

Gresham  House,  Singapore,  Straits  Settlements.  '99 

•Prarge,  Stanley  H.,  Mining Magdalena,  Sonora,  Mexico.  '96 

•PEARaALL,  H.  D.,  Civil  Engr., 

21  Parliament  Hill,  Hampstead,  London,  N.  W.,  England.  '82 
••PsARSE,  Arthur  L.,  Cons.  Civ.  and  Min.  Engr., 

Worcester  House,  Walbrook,  London,  E.  C,  England.  '90 

••Pearse,  John  B 317  Walnut  Ave.,  Boxbury,  Mass.  '72 

•Pearson,  Fred.  S.,  Cons.  Engr.,  Room  220, 29  Broadway,  New  York,  N.  Y.  '96 
•Pearson,  J.  F.,  Min.  Engr., 

Care  James  Martin  &  Co.,  Gawler,  So.  Australia.  '93 

••Pearson,  John  E.,  Min.  Engr 118  Princes  Road,  Liverpool,  England.  '82 

•Pearson,  W.  R,  Mine  Foreman Cactus  Mine,  Frisco,  Utah.  *04 

♦Pearson,  William  R.,  Min.  Mgr 66  D  St.,  Salt  Lake  aty,  Utah.  '06 

•Pease,  F.  N.,  Engineer's  Office 846  East  33d  St.,  New  York,  N.  Y.  '82 

•Pbchin,  Edmund  C,  Retired Buchanan,  Va.  '71 

•Pbohin,  John  a 1341  Euclid  Ave.,  Cleveland,  Ohio.  '92 

♦Peck,  Clarence  B.,  Sales  Agent,  Charleston  Electric  Supply  Co., 

Charleston,  W.  Va.  '00 

•Peckitt,  Leonard,  Prest Empire  Steel  &  Iron  Co.,  Catasauqua,  Pa.  '83 

6 
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*PsDi.ST,  WnjJAX  K,  G^nl.  Mgr.  and  Chief  Engr.,  San  Jacinto  Land  Co., 

Biyeraide,Oal.    '91 

*Pbdrazzini,  John,  Mine  Owner Locarno,  Switzerland.    '01 

*Pbelv,  Bobbbt,  Prof,  of  Mining,  School  of  Mines,  Columbia 

Univeraity,  also  86  Wall  St ,  New  York,  N.  Y.    '88 
*Peile,  William,  Min.  Engr. , 

Southampton  Lodge,  Oakleigh  Park,  Whetstone,  London,  N.,  England.  '97 
*Pbibce,  William  H.,  Mgr.,  Baltimore  Copper,  Smelting  &  Rolling  Co., 

Keyser  Bldg.,  Baltimore,  Md.    '94 
*Pelatak,  Louib,  Cons.  Engr.  &  Met.  .1 1  Bne  Godot  de  Maaroi,  Paris,  France.    '94 

*Peltok,  Bogeb  T.,  Engr Care  Copper  Queen  Mine,|Bisbee,  Arii.    '04 

*Pkndleton,  Joseph  S.,  Asst  Supt.  &  Genl.  Sales  Agt., 

Carpenter  Steel  Co.,  Beading,  Pa.    '02 

•Pbnnock,  J.  D.,  Chem Solvay  Process  Co.,  Syracuse,  N.  Y.    '89 

*PsirB06E,  B.  A.  F.,  Jb.,  Min.  Engr.  and  Gteol.,  Prest.,  Commonwealth 

Mining  and  Milling  Co.  of  Arizona,  460  Bullitt  Bldg.,  Philadelphia,  Pa.  '89 
*Pbntland,  Walter,  J.,  C)yanide  Mgr.. .106  San  Mateo  St,  Bedlands,  Cal.  '01 
*Pebbz,  Bichabd  a.,  Assayer  and  AnaL  Chem., 

120  North  Main  St,  Los  Angeles,  Cal.     '00 
*Pkrik,  Chablbb  p.,  Cons.  Engr.,  Prest.,  Embree  Iron  Co., 

71  Broadway,  New  York,  N.  Y.     '90 

**Pbbkin8,  Henky  C,  Min.  Engr 38  Broad  St,  New  York,  N.  Y.     '81 

^PsBKura,  Walter  G.,  Met,  Nevada  Consolidated  Copper  Co Ely,  Nev.    '01 

*Perk8,  Harry  B.,  Min.  Engr Care  Almeda  Mining  Co.,  Galice,  Ore.    '03 

*Perry,  Oryille  C,  Min.  Mgr., 

Indian  Gold  Dredging  &  Mining  Co.,  Oroyille,  Cal.     '03 
*Perry,  Oscar  B.,  Min.  Engr.,  Mgr.  and  Chief  Engr.,  Western 

Engineering  and  Construction  Co.,  408  Bialto  Bldg.,  San  Francisco,  CaL    '01 

**Perry,  Bobert  S 5104  Pulaski  Ave.,  Germantown,  Phila.,  Pa.    '96 

*Perry,  W.  a.,  7  East  56th  St  (Summer  address.  Second  Avenue  and 

71st  St,  Brooklyn,  N.  Y.),  New  York,  N.  Y.    '83 
*Pbters,  Edward  D.,  Professor  of  Metallurgy,  Harvard  University, 

38  Percival  St.,  Dorchester,  Mass.    '72 

*Peter8,  Biohard 302  Girard  Bldg.,  Philadelphia,  Pa.    '84 

*Peters»  Bighard,  Jr.,  Care  Georgia  Iron  &  Coal  Co.....Bi8ing  Fawn,  G^     '02 
^Peterson,  Bertel,  Min.  Engr.,  Care  Benjamin  Peterson, 

548  East  24th  St,  Paterson,  N.  J.    '00 
^Peterson,  Bosooe  L.,  Min.  and  Mech.  Engr., 

Park  Bow  Bldg.,  New  York,  N.  Y.    '04 
•PETBR8B0N,  G.  Walprid,  Prof.  of  Mining, 

Teknologgation  3,  Stockholm,  Sweden.    '05 

*PErnT,  Arthur  E.,  Min.  Engr. Oatlands  Park,  Waybridge,  England.    '98 

*Pfeiffer,  George  W.,  Civ.  Engr.,  Supt,  Spanish-American  Iron  Co., 

Daiquiri,  Cuba.     '97 

•Pfordte,  Otto  F.,  Min.  Engr .". Butherford,  N.  J,    '89 

*Philrrick,  Arthur,  Min.  Engr Goldfield,  Nev.    '02 

*Phillif8,  Francis  C,  Chem.,  Prof.  Chem.,  Western  University 

of  Pennsylvania,  P.  O.  fioz  126,  Allegheny,  Pa.    '94 
**Phillip8,  Joseph  L.,  Civ.  Engr.,  Dir.,  Campafiia  de  Inguar6n, 

Capuchinas  No.  7,  Mexico  City,  Mexico.    '01 
^Phillips,  Thokas  H.,  Proprietor,  Phillips  Bock  Drill  Co., 

40  No.  7th  St,  Philadelphia,  Pa.    '87 
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*PHiiiiJF8y  William  B.,  Min.  Eogr.  and  Met ,  Director  Texas  Mining  Snirej, 

Unirersitj  Station,  Austin,  Texas.    '87 
*PhillpottB|  William  M.,  Min.  Engr.,  New  Bayenswood  Mining  Co., 

Bavenswood,  Qneensland,  Australia.    '05 
*PiGKABD,  Thomas  D.,  Assayer,  The  Dalj  Bednction  Co.,  Ltd., 

Hedlej,  B.  C,  Canada.    '08 
*Pn>DiKOT0N,  F.  L.,  Boodeport  United  Main  Beef  GK>ld  Mining  Co.,  Ltd., 

Boodeport,  Transvaal,  So.  Africa.    '01 
*PiSBCX,  Jambb  B.,  G^nl.  Mgr.  of  Sharpsville  Famaoe  Co..Sharp8yille,  Bel    '86 

*PnERCE,  Talbot  R 420  Marquette  Bldg.,  Chicago,  111.    '05 

*PiLOBBBiM,  John  J.,  Care  The  Adams- Pilgerrim  Co.. ...Twin  Falls,  Idaho.     '02 
*PiLKiNOTOir,  Hbsbbbt,  Genl.  Works  Mgr.,  Sheepbridge 

Coal  and  Iron  Co.,  Ltd.,  Chesterfield,  England.    '9S 
fPiLLiKO,  William  S.,  Ores,  Iron,  Coke,  etc, 

600  Girard  Bldg.,  Philadelphia,  Pk.    '91 
*FiNGHOT,  GiFFOBD,  Forester,  Bureau  of  Forestrj,  Dept.  of  Agriculture, 

Washington,  D.  C.    '98 

*PiKiLHAM,  W.  F Wolfboro,  N.  H.    '82 

*PiPBR,  J.  W.  H Address  wanted.    '99 

*PiBEB,  Antonio  Olyntho  dos  Santos,  Prof,  of  Mining, 

Bello  Horisonte,  Minas  Geraes,  Brasil,  South  America.     '05 
*PiTOAntN,  BoBBBT,  Asst  to  the  Prest,  Pennsylvania  B.B.,  Union  Station, 

Pittsburg,  Pa.    '81 

♦Pttkin,  LudUB,  Anal,  and  Cons.  Chem 47  Fulton  St.,  New  York,  N.  Y.    '94 

•Pitkin,  Stxphbn  H.,  First  Vice-Prest,  The  Wellman,  Seaver,  Moigan  Co., 

682  West  Market  St.,  Akron,  Ohio.    '87 
*PiTMAN,  Stephbn  M.,  Secy.,  Narragansett  Mutual  Fire  Insurance  Co., 

721  Banigan  Bldg.,  Providence,  B.  L    '78 
**Platbb,  John  £.,  Banker,  ^Los  Angeles  Savings  Bank,  102  Baker  Block, 

Los  Angeles,  CaL    '78 
*PLATTy  Edwin  H.,  Asst  Supt,  The  Jimulco  Mining  Co., 

Otto,  Coahuila,  Mexico.     '02 
*Platt,  Fbank  E.,  Civ.  Engr.,  Asst  Treas., 

Soranton  Coal  Co.,  Board  of  Trade  Bldg.,  Scranton,  Pa.    '81 

*Plattxb,  Clabhnce  C,  Mine  Supt Joplin,  Mo.    '06 

*Platteb,  Fbanbxin,  Treas.  and  G^l.  Mgr.,  United  Zinc  Cos., 

Boom  803,  6  Beacon  St,  Boston,  Mass.    '08 

*Playtbb,  Geobob  H.,  Mine  Supt  of  Zinc  Mines Joplin,  Mo.    '06 

♦Playtbb,  Habold,  Mine  Supt Box  C.  C  C,  San  Diego,  Cal.     '06 

**Pluiembb,  Adolph,  Vice-Prest.,  Beverldge-Piuemer  Co., 

10  Wall  St,  New  York,  N.  Y.    '81 
*Plumb,  Cablton  H.,  Min.  Engr.,  Div.  Engr., 

Bockj  Mountain  Coal  &  Iron  Co.,  Trinidad,  Colo.     '04 

♦Plumb,  Bobbbt  E .902  Union  Trust  Bldg.,  Detroit,  Mich.    '84 

*Poaob,  JoenAH  G.,  Met,  Broken  Hill  Proprietarj  Co.,  Ltd., 

Port  Pirie,  South  Australia.     '92 
*Poindextbb,  Chablbb  L.,  Min.  Engr.,  Care  B.  W.  Poindezter, 

409  Wilcox  Block,  Los  Angeles,  CaL    '02 

♦PoiNBEXTEB,  Henbt  T.,  Surveyor  and  Assayer Dillon,  Mont     '97 

*Polkinhobnb,  John,  Inspector  of  Mines,  Care  Post  Office, 

Cohar,  New  South  Wales,  Australia.    '06 
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*Poi<KiNHOBN,  Edwin  J.,  Assayer  and  Chem.,  Prest.  and  Genl.  Mgr., 
The  Zacatecas  Metal  Co.,  Apartado  Postal  No.  12,  Torreon, 

Coahoila,  Mexico.     '04 

"^POLLEDO,  Y.,  GenL  Mgr ^ Manzaneda  16,  Matanzas,  Cuba.    '89 

-(^Pollen,  Clement  H.,  Mine  Mgr Fort  Steele,  B.  C,  Canada.     '02 

**PoLLOK,  J  AXES  H.,  Aflst.  Chem.,  Royal  College  of  Science,  Dublin,  Ireland.  '93 
*PoMEBOY,  HoBACB  G.»  Min.  and  Eleo.  £ngr.,  Snpt.,  King  of  Arisona  Co., 

Eofa,  Ariz.     '03 

*PoMBBOT,  William  A.,  Min.  Engr. 940  Scott  St.,  San  Francisco,  CaL     '03 
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**BiBS,  Heinrich,  As8t  Prof.  Econ.  Geol ,  Cornell  University,  Ithaca,  N.  Y.     '95 

♦BiOGS,  George  W.,  Elliott  <&  Co.,  46  E.  29th  St New  York,  N.  Y.    '74 

*BiOHTER,  Thomas  M.,Coal  Operator,  Vice-Prest  Midvalley  Coal  Co.,  etc. 

Mount  Carmel,  Pa.     '99 

♦BiONEY,  Thomas  P.,  Min.  Engr P.  O.  Box  664,  Salt  Lake  City,  Utah.    '96 

*BiLEY,  Lewis  A.,  Min.  Engr.,  Brest,  Lehigh  Coal  &  Navigation  Co., 

108  a  Fourth  St,  Philadelphia,  Pa.     '76 

♦Belly,  Paul  de San  Felipe,  Guanajuato,  Mexico.    *03 

fBnrG,  Ambrose  E.,  Care  Gold  Hill  Mine Parrot,  Mont    '05 

♦BioRDAN,  Denis  M 42  Broadway,  N.  Y.    '82 

*BisiNO,  Arthur  F.,  Min.  Engr.,  American  Madoc  Mining  Co., 

Madoc,  Ontario,  Canada.     '04 

♦Bisque,  J.  B 4021  Morgan  St,  St  Louis,  Mo.     '83 

♦Bissmann,  Otto,  Genl.  Mgr Care  Cockerell  Zinc  Co.,  Nevada,  Mo.     '89 

♦Biter,  George  W.,  Secy,  and  Managing  Engr.,  Eureka  Hill  Mining  Co., 

Salt  Lake  City,  Utah.     '99 
♦Bitter,  Etiekne  A.,  Min.  Engr  , 

No.  2  North  Cascade  Ave.,  Colorado  Springs,  Colo.     '04 
♦BiVERA,  Leopoldo,  Mlu.  Engr.,  Supt,  de  la  mina,  ^'LaNatividad," 

La  Natividad,  Ixtlan,  Oaxaca,  Mexico.  '05 
♦BiviERE,  Georges,  Min.  Engr.  and  Met.Bue  de  Vermeuil  60,  Paris,  France.  '04 
fBix,  Edward  A.,  Mech.  Engr.,  and  Brest,  Bix  Compressed  Air  &  Drill  Co., 

396  Mission  St.,  San  Francisco,  Cal.     '00 
♦Bobbins,  Charles  P.,  Prest  and  Mgr.,  Pearl  Consolidated  Mining  Co., 

P.  O.  Box  1910,  or  No.  109  Jamieson  Bldg.,  Spokane,  Wash.     '97 
♦Bobbins,  Chester  C,  Care  Bobbins,  Pratt  &  Bobbins, 

Main  Ave.  and  Post  St. ,  Spokane,  Wash.     '02 
♦Bobbins,  Frank,  Min.  Engr.  and  Met, 

441  Bradbury  Bldg.,  Los  Angeles,  Cal.  '97 
♦♦Bobbins,  Percy  A.,  Min.  Engr.,  Cons.  Mech.  and  Elect  Engr., 

4838  Michigan  Ave. ,  Chicago,  BL     '01 

♦♦BoBELLAz,  Febnand,  Min.  Engr 45  Bue  de  Pomereu,  Paris,  France.     '98 

♦Bobebts,  Albert,  Min.  Engr.,  Asst  Supt.,  Combination  Mine, 

Goldfield,  Nev.     '03 
♦Bobbrts,  Edward  J.,  Genl.  Mgr.,  Empire  State  Idaho  Mining  and 

Development  Co.,  Exchange  Bank,  Spokane,  Wash.    '02 
♦Bobebts,  Eugene  C,  Genl.  Mgr., 

Hedstrom  Coal  Mining  Co.,  etc.,  304  Elliott  Square,  Buffalo,  N.  Y.    '88 
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*BoBEBT8,  Fbank  C,  Giv.  Eogr.,  Frank  C.  Roberto  &  Co., 

Beal  Estate  Trust  Go.  Bldg.,  Philadelphia,  Pa. 

*BoBSRTB,  Fred.  C.,  Min.  Eogr EUbbing,  Minn. 

**BoBEBTS,  Georob  M.,  Associated  Northern  Blocks  (W.  A.)}  Ltd., 

Kalgoorlie,  Western  Australia. 
*RoBERTB,  Harry,  Mine  Mgr.,  Hale,  Kanawha  &  Roberto  Mines, 

Duluth,  Minn. 
*BoBERT8,  J.  G.,  Mgr.  New  York  Office,  The  Mine  &  Smelter  Supply  Go., 

42  Broadway,  New  York,  N.  Y. 
*B0BERTS,  MiLNOR,  Prof.  of  Mining  and  Met,  University  Station, 

Seattle,  Wash. 

*BoBERTe,  Pergiyal,  Jr 717  Arcade  Bldg.,  Philadelphia,  Pa. 

*BoBERT8,  Robert  P.,  Genl.  Smelter  Foreman, 

Boston  and  Montana  Reduction  Works,  Great  Falls,  Mont. 
*RoBERT80K,  HoRACE  P.,  Oiv.  and  Min.  Engr.,  Genl.  Mgr.,  Lake  View  and 
Boulder  Junction  Gold  Mines,  Ltd.,  Kalgoorlie,  Western  Australia. 
^Robertson,  James  D.,  Min.  Engr.,  Hacienda  Guadalupe, 

Villaldama,  Nueva  Leon,  Mexico. 
tRoBERTSON,  James  Leslie,  Gare  A.  Gameron  A  Go., 

P.  O.  Box  206,  Yokohama,  Japan. 
^Robertson,  James  R.  M.,  Min.  Engr.,  ^^  Linton,''  Milsons  Point, 

Sydney,  New  So.  Wales,  Australia. 
*RoBERTSON,  Phiuf  W.  K.,  Miu.  Engr.  and  Met,  The  San  Francisco  del 

Oro  Mines,  Ltd.,  Apartado  48,  Parral,  Ghihuahua,  Mexico. 
^Robertson,  William  F.,  Prov.  Mineralogist  of  British  Golumbta 

Dept  of  Mines,  Victoria,  B.  G.,  Ganada. 
*RoBE80N,  Anthony  M.,  Gons.  Mech.  Engr.,  Gare  Eckstein  &  Ga, 

P.  O.  Box  149,  Johannesburg,  Transvaal,  So.  Africa. 

*RoBESON,  Jacob  H.,  Mine  Manager 217  Boston  Bldg.,  Denver,  Golo. 

*RoBiN8,  Thomas,  Jr.,  Prest.,  Robins  Gonveying  Belt  Go., 

Park  Row  Bldg.,  New  York,  N.  Y. 
*^RoBiireoN,  Arthxtr  H.  A.,  Min.  Surveyor,  International  Goal  Mining  Go., 

Westville,  Nova  Scotia. 
*RoBiN80N,  G.  Snellino,  Genl.  Mgr.,  Iron  Dept.,  The  Golo.  Fuel  &  Iron  Go., 

Pueblo,  Golo. 

*RoBrN80N,  George  H.,  Mining 214  Dooly  Block,  Salt  Lake  Gity,  Utah. 

*RoBiN80N,  Harry  O.,  Min.  Engr 602  Golmon  Bldg.,  Seattle,  Wash. 

*RoBiiraoN,  Robert,  Mine  Mgr.,  Brittania  Mine,  Eookynie,  West  Australia. 
*RoBiN80N,  Sakford,  Giv.  and  Min.  Engr.,  Agent,  Steeple  Rock 

Development  Go.,  Steeple  Rock,  New  Mexico. 
*RoBiN80N,  Theodore  W.,  1st  Vice- Prest,  Illinois  Steel  Go., 

1035  The  Rookery,  Ghicago,  111. 

*RoBY,  Luther  A.,  Engr 745  Genesee  Ave.,  Gleveland,  Ohio. 

*RocHE,  Harrt  M.,  Met.  and  Assayer,  Mgr.,  The  Little  Tonopah 

Development  Go.,  P.  O.  Box  339,  Tonopah,  Nev. 
*RocHLiNO,  H.,  Met,  Ingenieur  Rochling  Iron  and  Steel  Works, 

Volklingen  (bei  Saar),  Rhenish  Prussia,  Germany. 
*RocK,  Alfred,  M.,  American  Smelters  Securities  Go., 

71  Broadway,  New  York,  N.  Y. 
*RoDDA,  Richard  W.,  Mine  Supt....523  Fifteenth  Ave.,  N.,  Seattle,  Wash. 

^Roderick,  James  E.,  Ghief  of  Bureau  of  Mines Harrisburg,  Pa. 

*RoDOERS,  George  B.,  Min.  Engr.,  With  Gharles  H.  Ledlie, 

918  Rialto  Bldg.,  St.  Louis,  Mo.    '08 
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^BoDGXBS,  Mybon  E.,  Min.  Engr.,  Mgr.,  Daly  Bedaction  Co.,  Ltd., 

Hedley,  B.  C,  Canada.  '94 
*BoDRionBz,  Juan  C.,  Min.  and  Met  Engr., 

Apartado  87,  Saltillo,  Coahuila,  Mexico.  '99 
*RoE,  Jambs  P.,  Mech.  Engr.,  GenL  Supt.,  Iron  Mills,  Glasgow  Iron  Co., 

Pottstown,  Pa.  '91 

♦RoEPPEB,  C.  W Mt.  Airy  Station,  PhDadelphia,  Pa.  '78 

*BoKPPBB,  Francis  A.,  Mining,  Genl.  Mgr., 

The  Boepper  Mining  Co.,  Ltd.,  Empire,  Colo.  '08 
*BoE8EB,  Fbedebick,  Cbem.,  Arkansas  Valley  Plant,  American  Smelting 

<&  Befining  Co.,  Leadville,  Colo.  '94 
*BosBLEB,  Ax7aU8T,  Prest.,  Engineering  Co.  of  America, 

74  Broadway,  New  York,  N.  Y.  '04 

*BooEB8,  Alexandkb  P.,  Min.  Engr.. .638  Mills  Bldg.,  San  Francisco,  Cal  '04 
*BoGEB8,  Allen  H.,  Asst.  to  GenL  Supt.  of  Mines,  American  Smelters 

Securities  Co.,  71  Broadway,  New  York,  N.  Y.  '92 
*BoGER8,  Charles  E.,  Mgr.,  Eraser  &  Chalmers,  Ltd.,  of  London, 

Kalgoorlie,  Western  Australia.  '97 

•BooERS,  E.  M.,  Cons.  Min.  Engr 82  Broadway,  New  York,  N.  Y.  '82 

*BooER8,  Will  C,  Care  Ajnchitlan  Mining  &  Milling  Co., 

Ahorcado,  Queretaro,  Mexico.  '08 

*BoHN,  Oscar,  Min.  Engr Madison,  Wis.  '06 

*BoLKER,  Charles  M.,  84  Leadenhall  Bldg.,  1  Leadenhall  St, 

London,  E.  C,  England.  '74 
*BoNE,  Lloyd  A.,  Min.  Engr.,  Care  Velardena  Mining  &  Smelting  Co., 

Velardena,  Durango,  Mexico.  '05 

*BooTE,  Gilbert  J.,  Min.  Engr. 288  Crocker  Bldg.,  San  Francisco,  Cal.  '00 

*BoPB8,  Leyerett  S.,  Min.  Engr.... .Bald  Butte  Mining  Co.,  Helena,  Mont  '01 

*Bopp,  Alfred  von  der,  Met 121  Lake  St.,  Oakland,  Cal.  '01 

*BoBE,  Carlton  B.,  Met,  United  States  Zinc  Co Pueblo,  Colo.  '02 

*BoeE,  George  Willlajc. 156  Brigham  St.,  Salt  Lake  City,  Utah.  '04 

*Bo6E,  HuQH,  Min.  Engr.,  Supt,  Minas  Tecolotes  y  anexas, 

Santa  Barbara,  Chihuahua,  Mexico.  '00 

*Bo6E,  William  W.,  Miner 207  Bio  Grande  St,  El  Paso,  Texas.  '82 

*Bo6ENFELD,  Louis,  Mine  Owner,  Prest.,  Eagle-Shawmut  Mining  Co., 

202  Sansome  St.,  San  Francisco,  Cal.  '99 

*BoeEWARNE,  Datid  D.,  Min  Engr...Waikumete,  Auckland,  New  Zealand.  '90 

*Bo6B,  GiLRERT  McM.,  Mine  Mgr Copperopolis,  Cal.  '05 

*Bo8B,  John,  Jr.,  Supt .Wildman  Syndicate,  Sutter  Creek,  Cal.  '96 

*Bo88i,  AuousTE  J.,  Electro-Metallurgy 86  Broadway,  New  York,  N.  Y.  '92 

*BoTH8CHiLD,  CLARENCE  G.,  Min.  Engr.,  Care  Federal  Lead  Co., 

Flat  Biver,  Mo.  '05 
*BowAND,  Lewis  G.,  Elect  Engr.  and  Met.,  Care  The  New  Jersey 

Zinc  Co.,  71  Broadway,  New  York,  N.  Y.  '02 

♦BoYER,  Frank  W.,  Assayer 4001  West  85th  Ave.,  Denver,  Colo.  '00 

♦BuDRA,  Sarat  C,  Min.  Engr 244  Lenox  Ave.,  New  York,  N.  Y.  '04 

*BUBi8GHi,  BuDOLF,  Cous.  EngT 837  Lafayette  Ave.,  Brooklyn,  N.  Y.  '91 

fBiTHL,  Louis,  Boessler  <&  Hasslacher  Chemical  Co., 

100  William  St.,  New  York,  N.  Y.  '98 

tBuNYON,  Walter  C 572  Madison  Ave.,  New  York,  N.  Y.  '92 

*Bu8DEN,  Armine  G.,  Surveyor,  Bonanza,  Ltd., 

Box  2881,  Johannesburg,  Transvaal,  South  Africa.  '05 
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*Bu88EL,  WjlLTEB  S.,  Vice-Prest.,  QenL  Mgr.,  BuBsel  Wheel  A  Foundry  Co^ 

Detroit,  Mich.  '86 

*BuaBELL,  A.  J.,  Min.  Engr. Honda,  Colombia,  So.  America.  '92 

*Bu8BBLL,  Edwabd  H P.  O.  Boz  496,  New  Haven,  Conn.  '84 

*Bu88ELL,  MuBRAT,  Mln.  Engr.,  Gh)yemment  Inspector  of  Mines, 

Charters  Towers,  Queensland,  Australia.  'OO 

*Bx7seaELL,  Samuel  W.,  Mine  Owner Deadwood,  So.  Dak.  '01 

*Bu8SKLL,  William,  Met Sheridan,  Mont.  *02 

'BiiTHERFOBD,  FoREST,  Asst  Supt  of  Beductiou  Works, 

Care  Copper  Queen  Beduction  Works,  Douglas,  Ariz.  '00 
*BuTLBDOE,  John  J.,  Min.  Engr.  and  Geol.,  313  Courtland  St, 

Baltimore,  Md.  '06 

♦BuTTMANN,  FBBDnrAND  S 222  West  58th  St,  New  York,  N.  Y.  '81 

*Btan,  Edwin  P.,  Min.  Engr.,  Sapt  Mines  and  Mills,  Peregrina  Mining 

&  Milling  Co.,  Peregrina,  Guanajuato,  Mexico.  '01 

*Byan,  John  D.,  Mine  Mgr Butte,  Mont  '05 

♦Bydkb,  Th08.  J.,  Genl.  Mgr.,  Waters  Pierce  Oil  Co., 

2&  Calle  de  San  Francisco,  Mexico  City,  Mexico.  '01 

tSABiN,  Jay  H Asst  Engr.,  Elgin,  Joliet  <&  Eastern  By.,  Joliet,  111.    'OS 

^Saddler,  Valentine  J.,  "Elsinore,"  Wellington  St,  Kew, 

Melbourne,  Victoria,  Australia.    '98 
*Sahlin,  Axel,  Cons.  Engr.,  Julian  Kennedy,  Sahlin  &  Co.,  Ltd., 

E£Sngham  House,  Arundle  St.,  Strand,  London,  England.    '91 
^AKiKAWA,  MOTABO  KoGAKUBHi,  Min.  and  Met  Engr.,  Treasury  Dept, 

Japanese  Government,  Tokio,  Japan.    '02 
tSALE,  William R,  Min.  Engr.,  Genl.  Mgr., 

North  Mt  Farrell  Mine,  Mount  Farrell,  Zeehan,  Tasmania.     '03 
^ALES,  Bend  H.,  Min.  Engr.,  Asst  Geol.,  Boston  and  Montana  Consolidated 

Copper  &  Silver  Mining  Co.,  Butte,  Mont     '02 
^alom,  Pedbo  G.,  Chem.,  Prest.,  Electrical  Lead  Beduction  Co., 

408  Bourse  Bldg.,  Philadelphia,  Pa.    '80 

^ALSBTJEY,  M. E.,  Prest,  Midland  Coal  Co Box  1097,  Pittsburg,  Pa.    '90 

*Sal8ich,  LeBoy,  Min.  Engr Hibbing,  Minn.     '03 

*Samfle,  Clabence  C,  Met.,  Care  The  Cerro  de  Pasco  Mining  Co., 

Cerro  de  Pasco,  Peru,  South  America.     '03 
^^amwell,  Nicholas,  Min.  Engr.,  Care  Inst.  Mining  &  Metallurgy, 

Salisbury  House,  London  Wall,  London,  K  C,  England.     '01 
fSANBOSN,  Edwabd  H.,  Vice-Prest ,  Consolidated  Lake  Superior  Co., 

North  American  Bldg.,  Philadelphia,  Pa.    '91 

^Sanborn,  Faancis  N.,  Mech.  Engr 47  Brevoort  Place,  Brooklyn,  N.  Y.    '94 

*Sanbobn,  James  F.,  Asst.  Engr.  (in  charge  of  construction).  New 

York  Bapid  Transit  Commission,  4  Court  Square,  Brooklyn,  N.  Y.     '99 
**Sandbsbo,  C.  p..  Cons,  and  Inspecting  Engr.,  Palace  Chambers, 

9  Bridge  St,  Westminster,  London,  S.  W.,  England.    '81 
fSANDEBS,  AiiFBED  D.,  Mgr.,  Central  Provinces  Prospecting 

Syndicate,  Kamptee,  Central  Provinces,  India.    '97 
^Sanders,  John,  Met.,  Fernando  Mining  Co., 

San  Fernando,  Durango,  Mexico.    '04 
*Sandebs,  John  D.,  Asst.  Mgr.,  Detroit  Works,  Solvay  Process  Co., 

Detroit,  Mich.    '79 
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♦Sanders,  R.  H.,  Min.  Engr 605  Drexel  Bldg.,  Philadelphia,  Pa.  '76 

♦Sanders,  Wh^bub  £.,  Min.  Engr. Helena,  Mont.  '85 

♦Sanderson,  Henry  S.,  Met  Engr.  and  U.  S.  Geol.  Surveyor, 

1824  CartiB  St,  Denver,  Colo.  '01 

♦Sandifbr,  Harmer  C,  Mine  Mgr. El  Oro,  Mexico,  Mexico.  '00 

fSANDOVAX,  AuBELio,  Banker. P.  Sandoval  &  Co.,  Nogales,  Aris.  '02 

tSANDOVAL,  Prosfbro,  Banker P.  Sandoval  &  Co.,  Nogales,  Ariz.  '02 

♦Sargent,  Qeoroe  W.,  Chem.  and  Met,  Carpenter  Steel  Co.. .Beading,  Pa.  '99 
♦Sargent,  Wn^LiAM  D.,  Prest.  American  Brake,  Shoe  &  Foundry  Co., 

170  Broadway,  New  York,  N.Y.  '96 
♦Saunders,  Wiluam  E.,  Inspector  of  Machinery,  Philadelphia  Gas  Works, 

The  United  Ghas  Improvement  Co.,  Philadelphia,  Pa.  '89 
♦Sattyeub,  Albert,  Met.  Engr.,  and  Asst.  Prof,  of  Met, 

Harvard  University,  Botch  Bldg.,  Cambridge,  Mass.  '92 

♦Savage,  Arthur  E.,  Met Charles  St,  Elstemwick,  Victoria,  Australia.  '91 

♦Sawers,  William  D.,  Chem.  and  Met, 

1  Athol  Gkirden  Place,  Glasgow,  Scotland.  '95 
♦Sawyer,  Haven,  Min.  Engr.,  Mgr.,  Dewey  Mine,  Squaw  Creek  Mining 

Co.,  Gazelle,  Cal.  '04 
♦Sayles,  Albert  W.,  Care  The  Giroux  Consolidated  Mines  Co., 

Carbo,  Sonora,  Mexico.  '05 
♦Saylor,  Benjamin  F.  A.,  Vice-Prest,  The  Gulf  States  Portland 

Cement  Co.,  Selma,  Ala.  '03 

♦Saxman,  Edwin  F. Genl.  Mgr.,  Derry  Coal  &  Coke  Co.,  Latrobe,  Pa.  '96 

♦Saybe,  Hal,  Min.  Engr 815  Logan  Ave.,  Denver,  Colo.  '89 

tScAiFE,  Charles  C 221  1st  Ave.,  Pittsburg,  Pa.  '86 

♦♦SoAiFE,  James  V.,  Vice-Prest.  and  Treas.,  William  B.  Scaife  & 

Sons  Co.,  221 1st  Ave.,  Pittsburg,  Pa.  '01 

♦ScAiPE,  Marvin  F Morgantown,  N.  C.  '90 

♦^►Scaife,  Oliver  P P.  O.  Box  974,  Pittsburg,  Pa.  '78 

♦•ScAiFB,  William  B Structural  Iron  Works,  Oakmont,  Pa.  '01 

♦♦Scaife,  Wiluam  L.,  Chairman  Scaife  Foundry  and  Machine  Co.,  Ltd., 

Pittsburg,  Pa.  '79 

fScALLON,  William. Butte,  Mont  '90 

♦ScARBOROUOH,  Francib  W.,  Miu.  Engr Macdonald,  W.  Va.  '02 

♦ScfHADER,  Carl  F.,  Mine  Mgr. 415  Currier  Bldg.,  Los  Angeles,  Cal.  '03 

♦ScfHEFFLER,  F.  G.,  Min.  Engr.,  Encruzilhada,  Minas  Cerro  de  Arvore, 

Bio  Grande  do  sul,  Brazil,  South  America.  '05 

♦ScHEiDEL,  Dr.  a.,  Chem Union  Club,  Sydney,  New  South  Wales.  '93 

♦ScHELLENBERO,  Francis  Z.,  Cons.  Engr 5746  Howe  St.,  Pittsburg,  Pa.  '79 

♦ScHiECHEL,  Fredk.  A.  M.,  Min.  Engr.,  8  Wilhelmstrasse, 

Geissen,  Germany.  '02 
♦SoHiERTZ,  Ferdinand  A.,  Met,  Apartado  19,  Tlalpujahua, 

Michoacan,  Mexico.  '97 
♦SoHiFFNER,  Carl,  Prof,  of  Metallurgy,  Donatsring,  li  Freiberg, 

Saxony,  Germany.  '04 
♦♦ScHLAFP,  Herman  H.,  Cons.  Min.  Engr.  and  Met, 

163  William  St.,  Melbourne,  Victoria,  Australia.  '96 

♦Schlemm,  Wiluam  H Box  145,  Durango,  Mexico.  '82 

fScHLESiNOER,  FERDINAND,  Prest,  Newport  Mining  Co., 

23  University  Bldg.,  Milwaukee,  Wis.  '90 
fScHMiEDELL,  JoHANN  H.,  Merchant,  Care  Erdman  <&  Sielcken, 

Batavia,  Java,  Dutch  East  Indies.  '08 
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**8cHNxn>]SB,  Albkbt  F.,  Ck>n8.  Met  and  Min.  £ngr., 

77  Pine  St,  New  York,  N.  Y.  '74 
^ScHNiEWTKD,  Db.  F.  W.  C,  Yioe-Preddent,  United  Coke  A  Qas  Co., 

17  Battery  Place,  New  York,  N.  Y.  '02 

^Schnitzel,  Henuy,  Min.  Engr Lead,  So.  Dak.  '00 

^ScHOLZ,  Cabl 1116  La  Salle  St  Station,  Chicago,  HL  '96 

*ScHOLZ,  Oscar  F.,  Electrician 535  Liberty  Ave.,  Pittsburg,  Pa.  '04 

^ScHOONHAKEB,  Habbt,  CheoL  and  Awayer,  Care  R  A.  Peres, 

120  North  Main  St^  Los  Angeles,  Cal.  '04 

^*ScHORR,  BoBBBT,  Moch.  Engr 424  CFarrell  St,  San  Francisco,  Oal.  '01 

*ScHRADBR,  Frank  C,  Geol....U.  S.  Geological  Survey,  Washington,  D.  C.  '08 

^ScHRAUBOTABTER,  B.  T 4621  Wcst  Minbtor  Place,  St  Louis,  Mo.  '94 

*ScHROEDTEB,  E.,  Civil  Engr. Jacobstrasse  5,  Dusseldorf,  Germany.  '91 

tScHBOPP,  Abraham  S 107  Market  St,  Bethlehem,  Pa.  '86 

*ScHROTER,  George  A.,  Min.  Engr.... Denver  Athletic  dub,  Denver,  Colo.  '04 
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*<«MOCK,  John  C,  Geol Trenton,  N.  J.    '78 

•Smoot,  Albert  M.,  Chemist,  Member  of  Ledouz  A  Co., 

99  John  St.,  New  York,  N.  Y.    '04 
•Smyth,  Charles  H.,  Jr.,  Prof,  of  Geol.  and  Mineralogy,  Hamilton  College, 

ainton,N.Y.    '87 
•Smtth,  Henry  Lloyd,  Prof,  of  Mining  and  Met,  Harvard  Univ., 

9  Buckingham  St,  Cambridge,  Mass.    '90 
•Snbdaxxr,  Jambs  A.,  Cona  Min.  Engr.,  Green  Mountain  Mining  A 

Milling  Co.  of  Silverton,  Colo.,  etc.,  860  Equitable  Bldg.,  Denver,  Colo.    '99 
•Snell,  Henry  V.,  Min.  Engr.,  Old  Dominion  Copper  Mining  A 

Smelting  Co.,  Globe,  Aria.    '00 
•Snover,  Gbobob  R,  Min.  Engr.  and  Met,  La  Clara  Mines, 

Medallin,  Colombia,  South  America.    '01 
•Snow,  Charles  H.,  Civil  and  Min.  Engr.,  Dean  School  of  Applied 

Science,  New  York  University,  University  Heights,  New  York,  N.  Y.    '91 
•Snyder,  Baird,  Jr.,  Asst  Supt, 

Lehigh  Coal  A  Navigation  Co.,  Lansford,  Pku     '04 

•Snyder,  Frederick  T Mining  Plant  Construction,  Oak  Park,  HI.    '99 

•Sobbt,  Walter  E.,  Cbem.  and  Met,  Sa,nta  Bosalia  Camaigo, 

Chihuahua,  Mexico.  '03 
••Solomon,  Thomas,  Qtenh  Supt  of  Mines..Apartado  18,  Pachuca,  Mexico.  '05 
•SoMERS,  Georob  £.,  Prest.,  Bridgeport  Brass  Co.,  East  Side  Station, 

Bridgeport,  Conn.    '96 

•SoMERB,  Lawrence  D.,  Min.  Engr 5  Park  St,  Boston,  Mass.    '04 

•Somerset,  Harry  St.  John,  Jr.,  Chem.  and  Assay er. 

Mount  Morgan,  Queensland,  Australia.    '05 
••SONNEMANN,  Georoe  A.,  Cons.  Min.  Engr.,  438  ''The  Bookery," 

Spokane,  Wash.    '91 

•SouDER,  Harrison,  Cornwall  Ore  Bank  Co Cornwall,  Pa.    '00 

•Souther,  Henry,  Cons.  Met  Engr.,  The  Henry  Soother  Engineering  Co., 

440  Capitol  Ave.,  Hartford,  Conn.    '95 

fSowERS,  Dr.  Zaohariah  T 1320  New  York  Avenue,  Washington,  D.  C.    '98 

•Spalding,  Ely,  Min.  Engr.,  Mgr.,  Monarch  Mining  Co.... Murray,  Idaho.    '02 
•Sparks,  Vernon  V.,  Min.  Engr.  and  CheuL,  Supt  Minerva  Mining  Co., 

Atlanta,  Idaho.     '04 
•Speer,  J.  Bambby,  Iron  and  Steel  Interests,  J.  R  &  J.  McK.  Speer 

Co.,  Farmers'  Bank  Bldg.,  Pittsburg,  Pa.    '96 
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^Speller,  Fbavk  N.,  Met  £ngr.,  National  Tube  Go Pittaburg,  Pa.  '05 

*Spekce,  Geoboe,  Mining,  Mgr.,  B.  £.  BriggB  Co.,  S.  A.  Calle  Qante  8, 

Mexico  City,  Mexico.  '02 

*Spence,  Habold  C.  £.,  Min.  Engr Steeple  Bock,  New  Mexico.  '03 

••Spencer,  Arthur  C,  GeoL.U.  S.  Geological  Survey,  Washington,  D.  C,  *01 

tSPBNOER,  W.  Irving Box  564,  Portland,  Ore.  '04 

••Sperr,  Frederick  W.,  Prof,  of  Civ.  and  Min.  Engr.,  Michigan  College 

of  Mines,  Houghton,  Mich.  '82 
•Sperrt,  Edwin  A.,  Min.  Engr.,  Mgr.,  Sperry  Vanning  Buddie  Co., 

Denver,  Cola  '89 

•Sperrt,  Erwin  S.,  Met 260  John  St,  Bridgeport,  Conn.  '94 

♦Sperry,  Francis  L.,  Met Tallmadge,  Ohio.  '89 

•Spiers,  James,  Jr.,  Mech.  Engr.,  Genl.  Mgr.,  Fulton  Iron  Works, 

Harbor  View,  San  Francisco,  Cal.  '94 

•Spib8>  Albert,  Editor,  Oamet'a  Maff(mne..,Z  W.  29th  St,  New  York,  N.  Y.  '81 
•SPiXiBBURT,  E.  Gybbon,  Cons.  Min.  and  Met.  Engr., 

Aldrich  Court,  45  Broadway,  New  York,  N.  Y.  '7S 

•Spraoije,  Timothy  W.,  Cons.  Engr 4  SUte  St,  Boston,  Mass.  '04 

•Sproat,  Amasa  D.,  Chem.,  Supt,  The  Fresnillo  Mining  Co., 

Fresnillo,  Zacatecas,  Mexico.  '02 

••Spurr,  Josiab  E.,  Min.  Geol.,  U.  S.  Geological  Survey,  Washington,  D.  C.  '01 

••SquiRE,  Joseph,  Geol.  and  Min.  Engr Helena,  Shelby  Co.,  Ala.  '71 

•Stackpolb,  Morrill  D.,  Min.  Engr. Address  wanted.  '00 

•Stacpoolr,  Adam  B.,  Chem.  and  Met,  Cyanide  Mgr.^, 

Sheba  Gold  Mining  Co.,  Ltd.,  Eureka  City,  Transvaal,  So.  Africa.  '98 
•Stacpoole,  Stephen  W.,  Civ.  and  Min.  Engr.,  3d  Ave.  de  la  Libertad 

No.  5,  Orizaba,  Vera  Cruz,  Mexico.  '96 

•^apelmann,  G.  ,  Cons.  Min.  Engr. ,  Apartado  No.  529,  Mexico  City,  Mexico.  '02 

•Stafford,  C.  Edward.s Prest,  Tidewater  Steel  Co.,  Chester,  Pa.  '74 

••Stahler,  H.,  Min.  Engr...Bergassessor,  Gottelbom,  Saarrevier,  Germany.  '02 
•Stahlknecht,  Emilio  H.,  Mine  Supt, 

Minas  Jibosa  y  Anexas,  Jimenez,  Chihuahua,  Mexico.  '05 
fSTALNAKER,  RANDOLPH,  Special  Agent  Baltimore  &  Ohio  B.B.  Co.  for 

W.  Va.,  Wheeling,  W.  Va.  '95 

•Stanford,  H.  R.,  Civil  Engr.,  U.  S.  Navy Navy  Yard,  Pensacola,  Fla.  '94 

•Stanford,  Richard  B.,  Min.  Engr.,  Mgr.,  The  Siempre  Viva  Mines, 

Care  M.  J.  Clancey,  Bluefields,  Nicaragua,  Central  America.  '02 
•Stanley,  James,  Min.  Engr.,  Beerlaagte,  Vlakfontein  Station, 

Transvaal,  So.  Africa.  '98 
•Stanley,  Robert  C,  Min.  Engr.,  9  Phelps  Place,  New  Brighton, 

Staten  Island,  N.  Y.  '02 

••Stansfield,  Alfred,  Prof,  of  Met McGill  University,  Montreal,  Can.  '02 

•Stanbfield,  Harry,  Min.  Engr.,  Mgr.,  The  Talisman  Con.,  Ltd., 

Karangohake,  Auckland,  New  Zealand.  '05 

••Stanton,  Frank  McM.,  Min.  Engr.,  Atlantic  Mine,  Houghton  Co.,  Mich.  '89 

tSTANTON,  John,  Copper  Mining 15  William  St,  New  York,  N.  Y.  '77 

•Stanton,  John  R,  Copper  Mining 15  William  St,  New  York,  N.  Y.  '99 

•Stanton,  Rorert  B.,  Civ.  and  Min.  Engr.. .66  Broadway,  New  York,  N.  Y.  '92 
•Stanton,  William  A.,  Mnfr.,  1403  Hanover  Bank  Bldg., 

Pine  and  Nassau  Sts.,  New  York,  N.  Y.  »9« 
•Stark,  Herbert  S.,  Min.  Engr.,  Genl.  Mgr.,  Crown  Reef  Gold  Mining  Co., 

Crown  Reef,  P.  O.  Box  1081,  Johannesburg,  Transvaal,  S.  Africa.  '97 
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*Stabkweatheb,  Hebbbbt,  Min.  Engr.,  330  East  Eaton  Ave., 

Cripple  Creek,  Colo.  '94 

^^AKB,  Chables  C,  Min.  Engr 1105  Braly  Bldg.,  Los  Angeles,  CaL  '06 

*Stabb,  James,  Care  G.  B.  Newton  &  Co^  North  American  Bldg., 

Philadelphia,  Pa.  '98 
^^Staunton,  William  F.,  Min.  Engr.,  Genl.  Mgr.,  Tombstone  Consolidated 

Mines  Co.,  Tombstone,  Ariz.  '88 

*8taveb,  William  H Casilla  336,  Guayaquil,  Ecuador,  So.  America.  '02 

*Stead,  John  E.,  Met.  Chem.,  11  Queens  Terrace,  Middlesborough,  England.  '98 
*St£ABNS,  Ibvino  a.,  Prest.,  Coze  Bros.  &  Co.,  Inc.,  and  Delaware,  Susque- 
hanna &  Schuylkill  RR,  148  Liberty  St.,  New  York,  N.  Y.  '71 

*STEABir8,  Thomab  B.,  Min.  and  Mech.  JSngr Denver,  Colo.  *89 

*8tebbik8,  Elwyk  W.,  Min.  Engr 4  Nevada  Block,  San  Francisco,  Cal.  '03 

*8texl,  Alvin  a.,  Min.  Engr.,  Engineering  Co.  of  America, 

74  Broadway,  New  York,  N.  Y.  '08 

*8tehl,  Henby,  Steel  Mfr.,  Phoenix  Steel  Works Botherham,  England.  '05 

*8tebIiB,  Heath,  Mine  Supt.,  Mgr.  and  Examiner, 

C.  W.  Steele  &  Son,  KnoxvUle,  Tenn.  '03 

^Steele,  Thomas  E.,  Chem.  and  Assay er Cananea,  Sonora,  Mexico.  '05 

^'Steiqeb,  Geobge,  Chem U.  S.  Geological  Survey,  Washington,  D.  C  '95 

•Stein,  Waltbb  M.,  Metl.  Engr.,  Pre8t..Primos  Chem.  Co.,  Inc.,  Primes,  Pa.  '88 
•Stephen,  Alfbed  E.,  Anal.  Chem.,  Lachlan  Gk>ld  Fields,  Ltd.,  Forbes, 

New  South  Wales,  Australia.  '02 
•Stephens,  Fbangis  B.,  Care  East  Band  Proprietary  Mines, 

East  Band,  Transvaal,  South  Africa.  '01 
•Stebuno,  Bobebt,  Bunker  Hill  &  Sullivan  Mining  and 

Concentrating  Co.,  Kellogg,  Idaho.  '02 
•StEBUNO,  Bobebt  B.,  Div.  Engr.,  The  Bocky  Mountain  Coal  & 

Iron  Co.,  Trinidad,  Colo.  '03 

•Stebn,  Henby,  Mining 50  Broadway,  New  York,  N.  Y.  '01 

•Stevens,  Blaney,  Min.  Engr. EUamar,  Alaska.  '05 

•Stevens,  Henbt  W.,  Mine  Mgr. Prescott,  Ariz.  '02 

•Stevens,  William  F 10  Pitt  St.,  Swissville,  Pa.  '96 

•Stevenson,  A.  A....£upt,  Standard  Steel  Works,  Bumham,  Mifflin  Co.,  Pa.  '89 

•Stevenson,  John,  Jb Sharon,  Pa.  '76 

'  •Stevenson,  Malcolm  B.  ,  Chem.,  Lang  Ave.  and  Thomas  St. ,  Pittsburg,  Pa.  '  08 

•Stevenson,  Bobebt,  Civ.  and  Min.  Engr. Address  wanted.  '89 

••Stbwabt,  Alexandeb,  Civ.  and  Min.  Engr.,  20  Copthall  Ave., 

London,  E.  C,  England.  '96 
•Stewabt,  Abthub  J.,  Min.  Engr.,  Mgr.,  El  Alo  Mining  Co., 

Tecalitlan,  Jalisco,  Mexico.  '00 
•Stewabt,  Howabd  R,  Care  Springdale  Association, 

Boom  24,  Eenyon  Bldg.,  Louisville,  Ey.  '97 
•Stewabt,  John  B.,  Min.  Engr.,  Care  El  Oro  Mining  &  Bail  way  Co.,  Ltd., 

El  Oro,  Mexico,  Mexico.  '04 

•Stewabt,  P.  Chabtebis  A.,  Geol.,  Care  Survey  Dept Cairo,  Egypt.  '01 

•Stewabt,  Bobebt  H.,  Min.  Engr ;..Bossland,  B.  C,  Canada.  '05 

•Sticht,  Ebnest,  Assayer Bepublic,  Wash.  '85 

•Stioht,  Bobebt  C,  Genl.  Mgr. ,  Mt.  Lyell  Mining  &  Bailway  Co.,  Ltd., 

Queenstown,  Tasmania.  '85 
•StileSj  Thomas  W.,  University  Club,  5th  Ave.  and  54th  St., 

New  York,  N.  Y.  '99 


102  MBMBBR8   AND   ASSOCIATES. 

*8tockett,  Capt.  Alfred. P.  O,  Box  3,  Florida,  Transraal,  So.  Airica. 

^*8rocKETT,  Lswis,  Mgr.,  Coal  Ck>mpanie8 Bankhead,  Alberta,  Canada. 

*8togkton,  BobebtB.,  £agr Huntley,  Mont. 

*^*8toddabt,  Augitbtits  W.,  Mine  Mgr., 

11  AbchorcL  Lane,  London,  K  C,  England. 

^Stobk,  Harbt  H.,  Editor,  Mines  and  MineraU, Scranton,  Pa. 

*^*Stoibbr,  Edwabd  G.,  Min.  Engr Care  First  Nat.  Bank,  Pueblo,  Colo. 

t&roiBEB,  Lena  A.,  Mine  Owner  and  Mgr P.  O.  Box  129,  Silverton,  Colo. 

^^Stokes,  Hskbt  N.,  Chem.,  National  Bureau  of  Standards, 

Washington,  D.  a 
*Stone,  Geoboe  C,  Chief  Engr.,  New  Jersey  Zinc  Co., 

71  Broadway,  New  York,  N.  Y. 

*^^8tone8treet,  Geoboe  D Boom  17,  45  Broadway,  New  York,  N.  Y. 

^Stobmb,  William  H.,  Min.  Engr.,  Editor,  Mining  and  SdeiUifie  JFVess, 

330  Market  St,  San  Francisco,  CaL 
^Stobbow,  Samuel,  Min.  &  Qvil  Engr..402  Douglas  Bldg.,  Los  Angeles,  CaL 

^*Stobbs,  Luciub  S.,  Geol Northern  Pacific  Ky.,  St.  Paul,  Minn. 

^Stouohton, Bbadley,  Cons.  Met,  Instructor  in  Metallurgy, 

Columbia  University,  New  York,  N.  Y. 
«*Stoutz,  Edmokd  de.,  Ligenieur  Civil  dee  Mine8, 

11  Rue  de  Hotel  de  Ville,  Geneva,  Switzerland. 
^*Stow,  Aitdlet  H.,  Civ.  and  Min.  Engr.,  Chief  Engr., 

The  Pocahontas  Consolidated  Co.,  etc,  Switchback,  W.  Va. 

*Stow,  Haeby  p..  Mine  Owner  and  Mgr Treadwell,  Alaska. 

*Stoweb,  James  N.,  Genl.  Mgr., 

Hudson  River  Ore  &  Iron  Co.  of  Burden,  N.  Y.,  Plattsbui^g,  N.  Y. 
^TBAF,  Gabton,  Ingenieur  Civil  dee  Mines...... 24  rue  Lalo,  Paris,  France. 

^Stbasseb,  William  F.,  Min.  Engr Hazel  Green,  Wis. 

*8trau88,  Lboteb  W.,  Min.  Engr 132  East  93d  St.,  New  York,  N.  Y. 

*Stbaw,  Chables  a.,  Mech.  Engr., 

Lehigh  Valley  Coal  Co.,  Wilkes-Barre,  Pa. 

*Stbeet,  Gebald  B Calumet  <&  Arizona  Mining  Co.,  Bisbee,  Ariz. 

^^bieby,  William,  Prof,  of  Mining,  805  North  Cascade  Ave., 

Colorado  Springs,  Colo. 
*Stbobel,  Victob  C,  Genl.  Mgr.,  Crane  Dept,  Niles  Bement  Pond  Co., 

Philadelphia,  Pa. 
*Stbot7T,  Ebnest  a..  Surveyor,  Care  Lancaster  Mine,  Krugersdorp, 

South  Africa. 
*Stbx7THEBS,  Joseph,  Asst  Editor,  American  Institute  of  Mining  Engineers, 

99  John  St.,  New  York,  N.  Y. 
^*Stull,  John  W.,  Mine  Supt,  Velardena  Mine  <&  Smelting  Co., 

Velardena,  Durango,  Mexico. 
•Stumm,  Gity  C,  Asst  Mgr., 

Consolidated  Gems  Mines  Co.,  Idaho  Springs,  Colo. 
^^uboes,  Clabence  B.,  Coal  Operator...  Common  wealth  BIdg.,  Scranton,  Pa. 

*&njBGis,  Edwabd  B.,  Min.  Engr... 307  K  17th  St,  New  York,  N.  Y. 

^Sullivan,  Alan,  Chief  Engr.,  The  Gutta  Percha  and  Rubber 

Mnfg.  Co.  of  Toronto,  Ltd. ,  Toronto,  Ontario,  Canada. 
^Summers,  Bebtband  S.,  Chem.  Engr.  and  Mfgr.,  430  The  Rookery, 

Chicago,  111. 
*Sx7BBMANN,  Db.  Otto,  Min.  Engr.,  Room  624,  62  Broadway, 

New  York,  N.  Y. 
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*SuT0i4iFFE,  John,  Civ.  Min.  and  Mech.  Engr., 

171  Manaion  Square,  Ponghkeepsie,  N.  Y.    '87 
^UTHEKLAKD,  Frajxjllts  T.,  Oaxe  Exploration  Go.  of  New  York, 

Mills  Bldg.,  25  Broad  St,  New  York,  N.  Y.    '99 
**8uTH]5RLAin>,  J.  W.,  Geul.  Mgr.,  Golden  HorsegLoe  Est  Co.,  Ltd.,  etc., 

Boulder,  Western  Australia.    '92 
*8uTBEBLAin>,  Luther  A.,  Mine  Sopt,  Federal  Loan  Mine, 

Nevada  City,  CaL    '04 

**Sothkrlaki),  W.  J.,  Min.  Engr 68  William  St,  New  York,  N.  Y.    '99 

•StJTTOH,  William  J.,  Qeol ...89  Discovery  St,  Victoria,  B.  C,  Canada.    '00 

«SwAiii,  &  R,  Min.  Engr. 1064  Ogden  St,  Denver,  Colo.    '02 

*SwAjrqmsT,  Gustayub  A.',  Engr.,  Care  Guggenheim  Exploration  Co., 

Minas  Tecolotes,  j  anexas,  Santa  Barbara,  Chihuahua,  Mexico.    '04 
*SwABT,  Wai/teb  G.,  Met  Engr.,  Blake  Mining  &  Milling  Co., 

1986  Curtis  St,  Denver,  Colo.    '99 

*SwBKr,  HsNRY  N 63  State  St,  Boston,  Mass.    '91 

*SwEET,  Thomab  G.,  Mine  Mgr.,  Genl.  Mgr.,  The  New  Australian  Broken 

Consolidated,  Ltd.,  Box  106,  Broken  Hill,  New  South  Wales,  Australia.    '99 
*8wEEi8EB,  Ralph  H.,  Supt  of  Blast  Furnaces, 

The  Algoma  Steel  Co.,  Sault  Ste.  Marie,  Ontario,  Canada.    '94 
tSwiFT,  Chableb  C,  Met.,  City  Foundry  Co., 

1161  Hamilton  St,  Cleveland,  Ohio.    '04 

*SwiFT,  Geoboe  D.,  Mine  Supt 2320  E.  Ist  St,  Duluth,  Minn.    '93 

*Stmmes,  Oliver  K,  Min.  Engr Oswego,  Kansas.    '00 

*Syhok8,  Arthur,  Min.  Engr.,  P.  O.  Box  469, 

Johannesburg,  Transvaal,  So.  Africa.    '03 

*Taft,  Harry  H.,  Min.  Engr.  and  Chem.,  719  Exchange  Bldg., 

Denver,  Colo.    '88 
*TAaoABT,  Geoboe  K.,  Supt,,  The  National  Capital  Copper 

Mining  Co.,  Coapa,  Michoacan,  Mexico.    '04 
^AXAOi,  KucHiRO,  Supt  and  Engineer  of  Mines,  Mitsui  Muke 

Coal  Mines,  Chikugo,  Japan.    '05 
*Taxsda,  Eyosaku,  Director  and  Chief  Engr.,  Eosaka  Mine,  Eosaka  Mining, 

Smelting,  and  Befining  Works,  Katsunogun,  Bikuchu,  Japan.    '97 
Talbot,  Benjamut,  Met  Engr.,  County  Bank  Chambers, 

Middlesbrough,  England.    '94 

fTALLEY,  WiXiBON  G.,  Student P.  0.  Box  388,  Williamsport,  Pa.    '03 

*Tali£AOE,  Abchibald  A.,  Mgr.,  Blaisdell  &  Co., 

229  Douglas  Bldg.,  Los  Angeles,  Cal.     '04 
*Tabletok,  Bobebt  M.,  Min.  Engr.,  Plympton,  Gardiner  &  Co., 

27  William  St,  New  York,  N.  Y.    '00 

^ABNAVA,  Constantino  de P.  O.  Box  20,  Monterey,  Mexico.    '02 

*Tabwateb,  James  F.,  Contractor  and  Miner  of  Iron  Ore8..Bockwood,  Tenn.    '96 
*Tabwateb,  Polx,  Genl.  Mgr.,  Ore  Mines  Brown  Mining  Co.,  Cardiff,  Tenn.    '00 

•Tatdm,  Lawbence  W.,  Min.  Engr 424  N.  Y.  Life  Bldg.,  Chicago,  IlL    '89 

fTAYLOB,  AiX)LFHUS  J.,  Solicitor,  Citizens  Chambers, 

Moore  St,  Sydney,  New  South  Wales,  Australia.    '06 
•*Taylob,  Axbbbt  W.,  Cate  D.  W.  Deehler, 

No.  7  Eaigan  Dori,  Kobe,  Japan.  '00 
•Taylob,  Edwabd  J.,  Civ.  and  Min.  Engr...229  N.  Craig  St.,  Pittsburg,  Pa.  '05 
**Taylob,  F.  M.,  Prest,  Taylor  and  Brunton  Ore  Sampling  Cos., 

606  Boston  Bldg.,  Denver,  Colo.    '01 
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*Tati^b,  Fedbrioo  W.,  Min.  £ngr..Apartado  217,  San  Lais  Potosi,  Mexico.    '81 
f^TAYiiOBy  James,  Cons.  £ngr.,  Ghem.  and  Met., 

Nyamagee,  New  Soath  Wales,  Australia.    '98 

•Taylob,  Joseph  J.,  Min.Engr Chico,  Butte  Co.,  C5al.     '90 

•Taylob,  Kwox,  Taylor  Iron  &  Steel  Co High  Bridge,  N.  J.    '97 

f^TAYLOR,  Lewis  H.,  Jr.,  Mine  Operator,  2030  Land  Title  Bldg., 

Philadelphia,  Pa.     '99 
**Taylob,  Pbbcyvale,  Min.  Engr.,  21  Victoria  Boad, 

Kensington,  London,  W.,  England.  '81 
i'^AYLOB,  BooEB,  Met.,  Asst  Snpt.,  Tacoma  Smelting  Co....Tacoma,  Wash.  'OS 
^Taylob,  Samuel  A.,  Cons.  Civ.  and  Min.  Engr., 

900  Lewis  Block,  Pittsburg,  Pa.     '05 
^Taylob,  WiIjLIAM  H.,  Mgr.  and  Prest,  Anthracite  Coal  Companies, 

131  Wyoming  Ave.,  Scranton,  Pa.    '87 
*Taylob,  Wilmam  W.,  GenL  Supt.,  Alleghany  Ore  &  Iron  Co., 

Clifton  Forge,  Va.    '97 
^AYS,  Euoene  a.  H.,  Civ.  and  Min.  Engr.,  San  Jos4  de  Gracia, 

Sinaloa,  Mexico.  '98 
^"^Teale,  Joseph  W.,  Min.  Engr.,  Robinson  Deep  Gk>ld  Mining  Co.,  Ltd., 

Box  1488,  Johannesburg,  Transvaal,  So.  Africa.     '03 
^BCHOW,  Waltbb,  Min.  Engr.,  Mgr.,  Mountain  View  Mining  Co., 

Bourne,  Ore.    '04 

♦Tefpt,  L.  J.,  The  Concord , Butte,  Mont     '06 

*TKLiiAM,  Alp.,  Chem Cananea,  Sonora,  Mezioo.    '05 

*Tbmby,  Edwabd  T.,  Genl.  Mgr.,  Tati  Blue  Jacket  Syndicate,  Ltd., 

Francistown,  Matabeleland,  South  Africa.    '05 
^^^MBY,  William  T.,  Min.  Engr.,  Langlaagte  Est  Gold  Mining  Co., 

P.  O.  Box  98,  Johannesburg,  Transvaal,  So.  Africa.    '03 
^Tenity,  Emil  B..  Supt,  Blast  Furnace,  American  Steel  &  Wire  Co., 

Cleveland,  Ohio.  '92 
*Tebby,  Laubence  M.,  Princeton  Club.. .72  East  34th  St,  New  York,  N.  Y.  '01 
*^HACHEB,  Abthub,  Min.  Engr.,  Prest.,  Central  Lead  Co.,  420  Roe  Bldg., 

St  Louis,  Mo.    '75 

**Thacher,  William  A. Address  wanted.    '90 

*Thackbay,  Geoboe  E.,  Structural  Engr.,  Cambria  Steel  Co.. Johnstown,  Pa.    '80 
^HANE,  Babtlett  L.,  Mlu.  Engr.,  Supt.,  Eagle  River  Mining  Co., 

Juneau,  Alaska.    '01 
*Thayeb,  Benjamin  B.,  Asst.  to  Prest,  Amalgamated  Copper  Co., 

42  Broadway,  New  York,  N.  Y.    '87 

•*Thie8,  Adolf. R.  F.  D.,  No.  1,  Box  20,  Charlotte,  N.  C.    '78 

**THrss,  Ernst  A.,  Mgr.,  Haile  Gold  Mining  Co Haile  Gold  Mine,  S.  C.    '00 

♦Thomae,  W.  F.  a.,  Min.  and  Met.  Engr., 

41  and  42  New  Broad  St,  London,  E.  C,  England.    '93 
*Thomas,  Albebt  E.,  Min.  Engr.,  P.  O.  Box  253, 

Coolgardie,  Western  Australia.  '97 
♦Thomas,  Chables  S.,  Min.  Engr.  and  Met.. ..P.  O.  Box  1117,  Ouray,  Colo.  »04 
♦Thomas,  Chesteb  A.,  Min.  Engr.,  Care  F.  H.  Morrison, 

1428  Bath  St.,  Santa  Barbara,  Cal.  '02 
♦Thomas,  David  R.,  Civil  and  Min.  Engr.,  Care  The  Guanajuato  Mining 

&  Milling  Co.,  Apartado  83,  Guanajuato,  Mexico.    '04 
'♦Thomas,  Edwabd  G.,  Secy,  and  Treas.,  Independence  Consolidated  Qold 

Mining  Co.,  P.  O.  Box  94,  Independence,  Colo.    '02 
♦Thomas,  Edwin Catasauqua,  Pa.    '79 
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*Thohas,  Fbbd  F,f  Prest  and  Genl.  Mgr.,  Gwinmine  Dev.  Co., 

Gwinmine,  Calaveras  Co.,  Cal.  '84 
Thomas,  Gbobob,  8d,  R  B.  Leaf  &  Co.,  Steel  and  Iron  Brokerage, 

1241  Real  Estate  Bldg.,  Philadelphia,  Pa.  '95 

•Thomas,  Gbdbgb  W Address  wanted.  '98 

*Thomas,  James  A.,  Mech.  Engr.,  Care  Fulton  Iron  Works, 

'    116  New  Montgomery  St.,  San  Francisco,  Cal.  '05 

•Thomas  Kibbt,  Mining 317  Cooper  Bldg.,  Denver  Colo.  '04 

•Thomas,  Mabiok  L.,  Mine  Supt Bonanza,  Zacatecas,  Mexico.  '05 

•Thomas,  Richahd  A.,  Miner 48  Exchange  Place,  New  York,  N.  Y.  '03 

•Thomas,  Samuel,  Iron  Trade Catasauqua,  Pa.  '71 

•Thomas,  T.  Lewis. 38  Wall  St.,  New  York,  N.  Y.  '99 

•Thomas,  Wiluam  B.,  Care  Bainbridge  Seymour  &  Co., 

13  St  Helen's  Place,  London,  K  C,  England.  '98 

•Thomas,  William  S Bevier,  Mo.  '96 

•Thomliiison,  William,  Secy,  and  Genl.  Mgr.,  Seaton  Carew  Iron  Co., 

West  Hartlepool,  England.  '81 

•Thompson,  Caft.  Chableb  H 1200  Brady  Bldg.,  Los  Angeles,  Cal.  '00 

•Thompson,  Heber  S.,  Engr Girard  Estate,  Pottsville,  Pa.  '76 

fTHOMFSON,  Lavington  G.,  M.D Launceston,  Tasmania.  '03 

•Thompson,  Robert  M.,  Chairman,  Board  of  Directors, 

International  Nickel  Co.,  48  Exchange  Place,  New  York,  N.  Y.  '81 
••Thompson,  William,  Cons,  and  Min.  Engr., 

1  and  2  Great  Winchester  St,  London,  E.  C,  England.  '99 
•Thompson,  William,  Cons.  Engr.  and  Genl.  Mgr.,  Waterson  Gold,  Ltd., 

Ocampo,  Chihuahua,  Mexico.  '00 

•Thomb,  Clifeord  C,  Min  Engr. Bialto,  Cal.  '08 

•Thomson,  E.,  Chem.  and  Engr. Pinos,  Zacatecas,  Mexico.  '03 

•Thomson,  Ewen  D.  H.,  Mine  Mgr.,  Gk)peng  Tin  Mining  Co., 

Gopeng,  Perak,  Federated  Malay  States.  '05 
•Thomson,  Francis  A.,  Met  Engr.,  Supt.,  New  Western  Reduction  Co., 

P.  0.  Box  266,  Goldfield,  Nev.  '02 

•Thomson,  John,  Qv.  Engr. 253  Broadway,  New  York,  N.  Y.  '03 

•Thomson,  Samuel  C,  Cons.  Engr.,  S.  Neumann  &  Co.,  P.  O.  Box  485, 

Johannesburg,  Transvaal,  So.  Africa.  '98 
•Thorne,  Wiluam  E.,  Cons.  Engr.,  Superintending  Engr., 

Oro  Grande  Placer  Mining  Co.,  Dillion,  Colo.  '01 

•Thornton,  Edward  T Fox  Chase,  Philadelphia,  Pa.  '05 

tTHORNTON,  Wiluam  D Butte,  Mont.  '96 

••Thow,  Sydney,  Civil  Engr.,  Genl.  Mgr.,  Hercules  Gold  &  Silver 

Mining  Co.,  Mount  Read,  Tasmania.  '02 

•Throckmorton,  Howard  W.,  Min.  Engr 934  17th  St.,  Denver,  Colo.  '03 

•Thropp,  Joseph  E.,  Jr Everett,  Pa.  '96 

•Thttbston,  E.  Coppbe,  Min.  Engr.,  804  Hay  ward  Bldg.,  San  Francisco,  Cal.  '96 

•Thyno,  Wiluam  S.,  Min.  Engr...411  Empire  State  Bldg.,  Spokane,  Wash.  '99 

•Tdcrnan,  AinsTiN  K,,  Min.  Engr Box  441,  Salt  Lake  City,  Utah.  '03 

•Tierney,  John  J Prest.,  Pocahontas  Co.,  Elkhom,  W.  Va.  '83 

•Tixrney,  L.  E.,  Genl.  Mgr.,  Powhatan,  Lynchhurg,  Elk  Ridge  & 

Eureka  Coal  &  Coke  Co.,  Powhattan,  McDowell  Co.,  W.  Va.  '89 

•TiLLBERG,  Erik  W.,  Min.  Engr Westervik,  Sweden.  '02 

tTiLLSON,  Benjamin  F 132  Wall  St.,  New  Haven,  Conn.  '06 

••Telly,  Alfred,  Min.  Engr.,  Supt,  Frontino  Bolivia  Gold  Mining 

,                         Co.,  Ltd.,  Puerto  Berrio,  Republic  of  Colombia,  So.  America.  '99 
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*^iMM,  JoHV  M.,  Min.  Engr.,  Mgr.,  ActieDgesellBchaft  fur  iDdostrielle 

Sandverwertang,  Basel,  Switzerland.    '96 
^^TmoLB,  Chab;x*b8  L.,  Mine  Sapt.,  Waldorf  Mining  &  Milling  Co., 

Georgetown,  Colo.     '03 
*TiK8THAjr,  Benjamin  £.,  Piest.  and  Genl.  Mgr.,  Champlain  Graphite  Co., 

Whitehall,  Washington  County,  N.  Y.    '08 
^TiSDALE,  John  N.,  Mining,  Preat.  and  Genl.  Mgr.,  AlaskarSnettisham 

Gold  Mining  Co.,  Snettiaham,  Alaska.    'OS 
^ITCX>1CB,  Habold  a.,  Min.  Engr.,  Gaggenheim  Exploration  Co., 

53  Majestic  Bldg.,  Denver,  Colo.    '99 
*TrrswoBTH,  Frederick  S.,  Civ.  and  Min.  Engr., 

Care  Wolcott,  Yaile  &  Waterman,  Equitable  Bldg.,  Denver,  Colo.    '00 

*ToBEY,  Horace  P.,  Treas Tremont  Nail  Co.,  West  Wareham,  Mass.    '89 

*ToD,  Herbert  Nobijb,  Min.  Engr. Box  463,  Colorado  Springs,  Colo.     '02 

^Tod^Stuabt,  Min.  Engr. Batopilas,  Chihuahua,  Mexico.    '02 

tToBDT,  Emanuel  R Mgr.,  Fairbanks  Co.,  Albany,  N.  Y.    '92 

*ToLL,  Abel  H.,  Min.  Supt. Wallace  Min.  Co.,  Pitkin,  Colo.    '00 

^OLLy  Bensbelaer  H.,  Supt.  Mancos  Consolidated  Gold  Mining  & 

Development  Co.,  Mancos,  Colo.    '02 

*ToM,  Isidore 30  Drayton  Park,  London,  N.  England.    '04 

*ToMLiN80N,  Geo.  H.,  Chem.  Engr.,  Care  Liquid  Carbonic  Co... Chicago,  HI.    '02 
*ToMPKiN8,  Charles  H.,  Prest.,  American  Diamond  Bock  Drill  Co., 

96  Liberty  St.,  New  York,  N.  Y.    '99 
*ToNKiN,  James  J.,  Mgr.,  La  Tortilla  Lead  Smelting  Works, 

Calle  Santa  Engracia  2,  Linares,  Provincia  de  Jaen,  Spain.    '98 

*ToNKiN,  John,  Mine  Supt 2603  R  Broad  St,  Bichmond,  Va.    '03 

Tonkin,  SrAiOiEY  J.,  Supt,  Southwestern  Development  Co.,  Parsons,  Eas.     '08 

*ToNKiNo,  James  B Supt.,  New  Jersey  Zinc  Co.,  Franklin  Furnace,  N.  J.    '90 

*ToNXiNo,  William  H.,  Supt.  of  Mines,  Care  B.  Nicoll  &  Co., 

69  Wall  St .  New  York,  N.  Y.     '96 
*ToNNEL^  Theodore,  Metl.  Engr.,  American  Sheet  Steel  Co., 

McEeesport,  Pa.    '84 
»*ToRBEY,  Herbeet  G.,  U.  S.  Assay  Office,  30  Wall  St, 

and  Stirling  Metal  Co.,  100  Broadway,  New  York,  N.  Y.    '81 

*ToucEDA,  ENRiquE,  Chem.  and  Met Albany,  N.  Y.     '89 

^OULMIN,  Priestley,  Prest.  and  Genl.  Mgr.,  Lehigh  Coal  Co.,  Lehigh,  Ala.    *88 
*TouzEAU,  Edward  M.,  Cons.  Min.  Engr., 

30  and  31  St  Swithin's  Lane,  London,  England.    '91 

*TowER,  Charlemagne,  Jr 228  So.  7th  Street,  Philadelphia,  P^    '87 

*TowER,  George  W.,  Jr.,  Geol.  and  Min.  Supt, 

321  North  Excelsior  Ave.,  Butte,  Mont    ^01 

♦Tower,  Joseph  T. 542  Fifth  Ave.,  New  York,  N.  Y.    '92 

*TowER,  Louis  L.,  Min.  Engr Northport,  Wash.    *08 

*TowNE,  BoBEBT  S.,  Mlu.  Engr.,  Prest,  Compafiia  Metal urgica  Mexicana, 

82  Beaver  St.,  New  York,  N.  Y,    '91 
^OWNBEND,  Abthxtb  B.,  Met,  Care  Smuggler  Union  Mining  Co., 

Telluride,  Colo.    '01 
*TowN8END,  David,  Cons,  and  Mech.  Engr.,  etc., 

624  Witherspoon  Bldg.,  Philadelphia,  Pa.    '80 

**TowN8END,  Harry  P Box  927,  Johannesburg,  Transvaal,  So.  Africa.     '01 

*TowNSEND,  Henrt  T.,  Mech.  Engr.,  Prest,  Logan  Iron  <&  Steel  Co., 

Bryn  Mawr,  Pa.    '79 
*Traphagsn,  Prof.  Frank  W.,  Prof,  of  Met.  and  Assaying, 

Colorado  School  of  Mines,  Golden,  Colo.    '99 
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*Tbatman,  R  R  Rusbeix,  Civ.  Eogr.  and  Editor,  Engineering  News, 

1636  Monadnock  Bldg.,  Chicago,  III.    '91 
^Tbayi^ob,  Johk  a.,  Min.  Engr.,  Western  Mgr.,  Hodge  Iron  Ga, 

609  Equitable  Bldg.,  Denver,  Colo.    '99 
^Tbatlob,  Samuel  W.,  Mining  Machinery,  Engineering  Bldg., 

116  Liberty  St,  New  York,  N.  Y.    '03 
**Tbeadweix,  Erwht  D.,  Mine  Mgr.,  G.  A.  Treadwell  Mining  Co., 

Mayer,  Ariz.    '93 

«Trkat,  F.  H.,  Cons.  Engr. 97  Heywood  Ave.,  Orange,  N.  J.    *86 

*TRBaLOAN,  John  R.,  Mine  Sapt,  Mgr.  and  Owner Amador  City,  Cal.    '00 

^BENGOVE,  Samuel  R.,  Care  Colonel  Mining  Co Crown  King,  Aris.    '00 

«Trebibe,  JoeiAH  H.,  Mine  Supt.,  Montana  Ore  Purchasing  Co., 

Butte,  Mont    '03 
*Tbeweskb,  John,  Mine  Mgr.  and  Cons.  Engr.,  254  South  2d  St., 

Salt  Lake  City,  Utah.    '02 

Trimble,  A.  J.,  Mine  Operator Snmpter,  Ore.    '87 

*Tbotz,  J.  O.  Emanuel,  Met U.  S.  Steel  Corporation,  New  York,  N.  Y.    '88 

tTBUAZ,  Sewall,  Institute  Geologioo  de  Mexico,  6a  del  Cipres,  2728, 

Mexico  City,  Mexico.     '03 
*Tbumbull,  Loyal  W.,  Prof,  of  Min.  and  Geol.,  University  of 

Wyoming,  Laramie,  Wyo.    '04 
*Tbumf,  Edwabd  N.,  Mech.  and  Chem.  Engr.,  Chief  Engr.  and  G^nl. 

Mgr.,  Solvay  Process  Co.,  etc.,  Syracuse,  N.  Y.     *96 
Tsehernofl;  Prof.  Dimitry  C^  Met,  26  Rue  Pessotchnaya,  St.  Petersburg,  Russia. 

^^TSUNO,  T Hagi,  Yamaguchiken,  Japan.    '91 

*TucKBB,  Albert  W Genl.  Mgr.,  Seaboard  Copper  Co.,  Virgilina,  Va.    '00 

♦•TuDOB,  William,  Jb.,  Care  H.  D.  Tudor,  82  Devonshire,  St, 

Boston,  Mass.     '98 

tTuLLOCH,  Lindsay,  U.  S.  Consul Launceston,  Tasmania.    '01 

*TuBNEB,  Groboe  D.  B.,  Civ.  and  Min.  Engr.,  Vice-Prest  and  GenL  Mgr., 
J.  I.  C.  Mining  &  Milling  Co.,  269  Commercial  Club  Bldg., 

Salt  Lake  City,  Utah.     '99 
^"^TuBNEB,  Henby  W.,  Geol.  and  Min.  Engr.,  Care  Ladd  Metals  Co., 

Portland,  Ore.     '00 

*TuBNEB,  John  K.,  Min.  Engr. Care  The  Albany  Hotel,  Denver,  Colo.     '00 

^Tubneb,  R.  Chebteb Room  36,  310  Pine  St,  San  Francisco,  Cal.    '96 

^TuBNBB,  William  J.,  Perseverance  Gold  Mines,  Ltd.,  Webster's  Mine, 

Mt.  Malcolm,  Western  Australia.     '00 
*TuBNBY,  Abthub  R.,  Min.  Engr.,  Woodford  Lodge,  Merton  Park, 

Surrey,  England.  '03 
*Tu8Chka,  Otto,  Assayer  and  Chem....Fundicion  No.  2,  Monterey,  Mexico.  '00 
*TuTTLE,  Abthub  L.,  Min.  Engr.,  434  King  William  St, 

San  Antonio,  Tex.     '93 

*Tylbb,  Nat.,  Jb.,  Topographer 136  Liberty  St,  New  York,  N.  Y.    '02 

ITyleb,  Vigtob  M.,  Secy.,  Southern  New  England  Telephone  Co., 

New  Haven,  Conn.    '06 

♦Tybbell,  Joseph  B.,  Min,  Engr Dawson,  Yukon  Territory.    '99 

«Ty80N,  James  W.,  Jb.,  Mine  Mgr.,  Elisabeth  Mining  Co.,  South  Strafford,  Vt    '92 

*Uehlino,  Edwabd  A.,  Cons.  Engr. 136  Broadway,  New  York,  N.  Y.  '86 

*Undebhill,  Jamsb,  Min.  Engr.,  U.  S.  Mining  Survey,  Idaho  Springs,  Colo.  '98 
*Undebwood,  Abthub  J.,  Min.  Engr.,  416  Lake  View  Ave., 

Jamestown,  N.  Y.  '01 
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*Unger,  J.  S.,  Sapt,  Armor  Plate  Dept.,  Carnegie  Steel  Co., 

Munhall,  Alleghenj  Co.,  Pa.    '91 

•Upham,  W.  E 65  West  116th  St,  New  York,  N.  Y.    '01 

•Utley,  Howard  H.,  Min.  Engr.,  North  Jellico  Coal  Co.,  Ltd., 

415  West  JefferBOD  St.,  Loulsyille,  Ej.     '02 

*Vail,  Hebbbbt  E.,  Bellevae  Proprietary,  Ltd.,  Mt  Sir  Samuel, 

Western  Australia.    '05 

*Vail,  Bichabd  H.,  Mining 413  S.  liiain  St,  Kewanee,  111.     '05 

tVAiLE,  Joel  F.,  Lawyer, Wolcott  &  Vaile,  420  Equitable  Bldg.,  Denver,  Cola    '95 
'Yai^entine,  Charles  F.,  Cons.  Min.  Engr., 

Mt  Garnet,  North  Queensland,  Australia.    '02 
'Valentine,  Malvern  R.,  Taylor  &  Brunton  Sampling  Co., 

Box  108,  Victor,  Colo.  '03 
•Valentine,  M.  D.,  Prest.,  M.  D.  Valentine  &  Bro.  Co.,  Woodbridge,  N.  J.  '76 
*Vallat,  Benjaion  W.,  Min.  Engr.,  Colorado  Fuel  &  Iron  Co., 

Sunrise,  Wyo.    '05 
*Value,  Beverly  B.,  Engineer  in  Charge,  Electrical  Development  Co. 

of  Ontario,  Ltd.,  Niagara  Falls,  Ontario,  Canada.     '03 
*Vak  Arsdale,  Geo.  D.,  Chem.,  Copper  Queen  Consolidated  Mining  Co., 

Room  68,  99  John  St,  New  York,  N.  Y.     '02 

♦Van  Arsdale,  W.  H. Aurora,  111.    '72 

*Van  Barneveld,  Charles  R,  Prof,  of  Min.  Engineering, 

University  of  Minnesota,  Minneapolis,  Minn.    '01 

*Van  Brunt,  Charles  G.,  Chem Bridge  St,  Dedham,  Mass.    '98 

♦Van  Clevb,  Charles  McK Box  53,  San  Diego,  CaL    '01 

♦Van  Diest,  Edmond  a,  Min.  and  Civ.  Engr.,  P.  O.  Box  826, 

Colorado  Springs,  Colo.  '89 
♦♦Van  Hise,  Charles  R.... Prest,  University  of  Wisconsin,  Madison,  Wis.    '00 

fVAN  Ingen,  Dudley  A.,  Chem .Palmerton,  Pa.    '95 

♦Van  Isschot,  Pierre  E.  C.Casilla  240,  Guayaquil,  Ecuador,  So.  America.    '96 
♦Van  Law,  Carlos  W.,  Mech.  Engr.,  Genl.  Mgr.,  Guanajuato  Reduction 

&  Mines  Co.,  Guanajuato,  Mexico.     '04 
♦Van  Liew,  Willard  R.,  Smelter  Supt,  Care  F.  A.  Mattevich  &  Co., 

Batoum,  So.  Russia.     '08 
♦Van  Mater,  Joseph  A.,  Cons.  Engr.,  Genl.  Mgr.,  The  Bertha 

Mineral  Co.,  Pulaski,  Va.    '93 
♦Van  Nebs,  William  W.,  Min.  Engr., 

622  Salisbury  House.  London  Wall,  London,  R  Q,  Eng.  '97 
tVAN  NosTRAND,  Charles  B.,  Tress.,  United  Mining  Co.  and 

White  Knob  Copper  Co.,  36  Wall  St,  New  York,  N.  Y.  '02 
♦Van  Orden,  Frank  L. ,  Min.  Supt,  Wyandot  Copper  Co.,  Houghton,  Mich.  '01 
♦Van  Sltke,  Frederick  E.,  Elec  and  Min.  Engr.,  Jeffrey  Mfg.  Co., 

Columbus,  Ohio.    '01 
♦Van  Zwaluwenburq,  A.,  Eastern  Editor  The  Iran  Trade  Bedew^ 

150  Nassau  St,  New  York,  N.  Y.    '00 
♦♦Varden,  Richard  A.,  Cons.  Min.  Engr., 

1  St  Helen's  Place,  London,  E.  a,  England.    '87 

tfVARiCLE,  Dr.  Jean  A Dawson,  Yukon  Territory.    '05 

♦Vauclain,  Samuel  M.,  Supt,  Baldwin  Jjocomotive  Works, 

500  N.  Broad  St,  Philadelphia,  Pa.    '96 
♦Vaughen,  Samuel  W.,  Supt  of  Furnaces,  National  Tube  Co., 

682  14th  Ave.,  Lorain,  Ohio.    '04 
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^Yauz,  Ghablbb  a.,  Mn.  Engr.,  P.  O.  Box  80,  East  Band, 

Transvaal,  Soath  Africa.    '04 
^^Veatgh,  John  A.,  Min.  and  Hydraulic  Engr.,  Darien  Gold  Mining 

Co.,  Ltd.,  Gana,  Bep.  of  Colombia,  So.  America, 

Letters  to  616  Pearl  St,  Napa  Citj,  Cal.    '01 
*ysiTGH,  AxEZAKDEB,  Asst.  Mgr.,  AruBona  Copper  Co.,  Ltd., 

Clifton,  Arizona.    '03 
*y IDLER,  Louis  W.,  Mine  Engr.,  Sapt,  Trans-Continental 

Transportation  &  Mining  Co.,  etc  Georgetown,  Colo.  '04 
*ViDLEB,  Bees  C,  Min.  Engr.,  Genl.  Mgr.,  Transcontinental 

Transportation  &  Mining  Co.,  Georgetown,  Colo.    '05 
'Viele,  Maubice  a.,  Civ.  and  Hydraulic  Engr., 

44  Broad  St,  New  York,  N.  Y.    '02 
*yiOBON,  Edwabd  C,  Met,  Asst  Genl.  Mgr.,  Society  des  mines  de 

Cuivre  de  Cat^mon,  Casilla  1000,  Valpariso,  Chili,  South  America.    '08 

*yiOG£B8,  WiLUAM,  Mech.  Eogr Apartado  90,  Durango,  Mexico.    '89 
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♦Wilkinson,  Chables  D.,  Min.  Engr Whitehall,  Mont 

♦Wilkinson,  David,  Asst  Cons.  Engr.,  Care  S.  Neumann  &  Co., 

Johannesburg,  Transvaal,  So.  Africa. 
♦Wilkinson,  J.  F.,  Surveyor,  Mariposa  Commercial  &  Mining  Co., 

Mount  Bullion,  Cal. 
♦Wilkinson,  Theodobe  K.,  Met,  Care  Taooma  Smelting  Co., 

Tacoma,  Wash. 
♦Wilkinson,  Wiluam  F.,  Min.  Engr.,  Consolidated  Goldfields  of 

So.  Africa,  8  Old  Jewry,  London,  E.  C,  England. 
♦WiLLABD,  Eugene  R,  Blast  Furnace  Mgr., 

Wellston  Iron  <&  Steel  Co.,  Wellston,  Ohio. 
♦WiLLABD,  James  O,  Civ.  Engr.,  Elize  Furnaces... 2d  Ave.,  Pittsburg,  Pa. 
♦WiLLEY,  Henby  L,  Min.  Engr.,  Greene-Gold  Silver  Co.,  S.  A., 

Minaca,  Chihuahua,  Mexico. 
♦♦Williams,  Alfheus  F.,  Asst  Genl.  Mgr.,  De  Bee^  Cons.  Mines,  Ltd., 

Eimberley,  So.  Africa. 

♦Williams,  Ben,  Mining 1938  Harvard  Boulevard,  Los  Angeles,  Cat. 

♦Williams,  David,  Publisher,  Tron  Age,  238  William  St,  New  York,  N.  Y. 

♦Williams,  Delos  V.  A San  Miquel  del  Mezquital,  Zacatecas,  Mexico. 

♦Williams,  Edwabd  G.,  Engr.  and  Supt.,  The  New  York  Continental 
Jewel  Filtration  Co.,  First  St  Tunnel,  Penna.  R.R., 

23  D  St,  S.  E  Washington,  D.  C. 

♦Williams,  Edwabd  H.,  Mgr.,  Alice  Furnace. Sharps ville.  Pa. 

♦Williams,  Pbof.  E.  H.,  Jb Andover,  Mass. 

♦Williams,  Fbank  B.,  Mill  Supt Maiysville,  Mont 


MBMBBBS   AND  ASS00IATB8.  11& 

'WiuJAMS,  Fred.,  Man.  Dir.,  W&ratah  Minerals  Co., 

7  Laarence  Poantnej  Lane,  London,  R  C,  England.  '99 
*WiixiAM8,  Fred  T.,  Min.  Engr.,  Portland  Gold  Mining  Co.,  Victor,  Colo.  02 
^^Welliamb,  Gabbneb  F.,  Min.  Engr., 

1838  Connecticut  A^e.,  Washington,  D.  C.     '8d> 
*WiLLLAUBj  Habvet  L.,  Mining,  John  T.  Williams  A  Sons, 

Box  410,  Bristol,  Tenn.     '08- 
*WiiiLiAMB,  Hekrt  J.,  Chem.  Engr.  and  Anal.  Chem., 

161  TremontSt.,  Boston,  Mass.     '87 
*Wii<LiAHS,  H.  J.  Cabnbgie,  Min.  Engr.,  The  Bruce  Mines, 

Ontario,  Canada.    '9S 
*WiLLiAH8,  John  B.,  Cons.  Met  and  Chem.,  Care  H.  Eckstein  &  Co., 

P.  O.  Box  149,  Johannesburg,  Transvaal,  So.  Africa.  '99 
*WiLLiAMS,  John  T.,  Mine  Owner  and  Engr.,  27  William  St., 

New  York,  N.Y.    '74 

*WrLiXAJC8,  Lewis,  Mine  Owner  and  Met Napoleon  Mine,  Milton,  Cal.    '83 

*Wn.T.TAMB,  Luke,  Min.  and  Cons.  Engr Moonah,  Hobart,  Tasmania.     '93 

*Wn.LiAMB,  MoRRiB,  Mgr.,  Coal  Cos.,  Pennsylvania  B.B., 

Boom  26,  Broad  Street  Station,  Philadelphia,  Pa.     '91 
*W£LLIAHB,  Balfh  B.,  Met.,  South  American  Development  Co., 

Casilla  336,  Guayaquil,  Ecuador,  South  America.    '05 
*WrLLiAMS,  RicHABD  E,  Asst.  Supt.,  Waihi  Mine, 

Waihi,  Auckland,  New  Zeahind.     '03 
*WtTi1.tam»,  Bichard  M.,Mgr.,  Broad  Arrow  Consols  Gold  Mining  Co., 

Broad  Arrow,  Western  Australia.     '02 

♦WnjJAMS,  BoBEBT  Y.,  Mine  Supt Upper  Potomac,  W.  Va.    '06 

*Wii<LiAM8,  S.  Herbert 23  Somerset  Ave.,  Winthrop,  Mass.    '95 

•WiLUAMS,  WiixiAM  A Silver  Peak,  Nev.    '03 

** Williamson,  H.  D.,  Asst.  Supt,  Engr.,  Care  Samuel  Samuel  &  Co., 

Bising  Sun  Petroleum  Co.,  Yokohamit,  Japan.     '03 
*WiLLiAMBON,  W.  Duncan,  Met  Mgr.,  Mount  Boppy  Gold 

Mining  Co.,  Ltd.,  Boppj  Mountain,  N.  S.  W.,  Australia.     '96 

^WiiJJS,  Alfred  B.,  Min.  Engr 32  Comhill,  London,  E.  C,  England.    '02 

*WiLLi8,  Baii«ey,  G^l.  and  Min.  Engr.,  U.  S.  Geological  Survey,  in  Charge 
of  Exploration  in  Eastern  Asia,  Carnegie  Institute,  of  Washington,  D.  C, 

Care  American  Legation,  Peking,  China.     '92 
*WiiiLi8,  Frank  G.,  Min.  Engr.,  Ajax  Gold  Mining  Co.  and  Independent 

Cons.  Gold  Mining  Co.,  etc,  Box  1119,  Cripple  Creek,  Colo.    '97 

♦Willis,  Harry  T.,  Student Champaign,  HI.    '03 

♦WiLLMOTT,  Arthur  B.,  Mine  Mgr.,  Lake  Superior  Corporation, 

Sault  Ste.  Marie,  Ont,  Canada.    '01 
♦WnJLfl,  J.  Lainson,  Min.  Engr.  and  Chem., 

133  Midwood  St,  Brooklyn,  N.  Y.     '89 

♦WiLUBON,  Frederigk  E Address  wanted.    '98 

♦WiLMOT,  H.  Clifford,  Min.  Engr.,  Highland  Boy  Mine.. .Bingham,  Utah.     '03 

•Wilson,  AXiBBRt  D.,  City  Engr Deadwood,  So.  Dak.    '97 

•WiLBON,  Charles  H.,  Mine  Mgr.,  Selected  Gold  Mines  of  Australia, 

Port  Darwin,  North  Australia.    '04 
*WiLBON,  Elliott  H.,  Civ.  and  Min.  Engr.,  Supt,  Belmont  Mine,  etc., 

Butte,  Mont    '87 
**WiL80N,  Elwood  J.,  Mining  Operator,  Care  Arizona  Smelting  Ca, 

Prescott,  Arix.    '94 
**Wii60N,  Gbobge  B.,  Min.  Engr 2646  W.  9th  St,  Los  Angeles,  CaL    '99 
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**^WiL80N,  GK)BDON,  Met  Chem.,  Cyanide  Expert, 

Promontorio,  Durango,  Mexico.    '02 
^WiLBOV,  Habbt,  GenL  Mgr.,  Aostral-Otis  Engineering  Co., 

South  Melbourne,  Victoria,  Australia.    '93 

•WiijBOH,  Juos  A.,  Mine  Mgr 829  R  26th  Ave.,  Denver,  Colo.    '03 

*WiLaoN,  John  Bowie,  Min.  £kigr.,  Mt  Morgan  Gold  Mining  Co.,  Ltd., 

Mt  Morgan,  Queensland,  Australia.     '02 

tWiMOH,  M.  0.,  Mnfr.  and  Miner. 88  WaU  St,  New  York,  N.  Y.    '91 

*WiXB0H,  Nathahibl,  Cons.  Mech.  Engr.,  East  Band  Proprietary 

Mines,  Ltd.,  P.  O.  Box  56,  East  Rand,  Transvaal,  So.  Africa.    '98 

*tWiiiM)N,  Newton  B .204  Calle  Washington,  Monterey,  Mexico.    '81 

** Wilson,  Bichabd,  Min.  Mgr Mammoth  Mining  Co.,  Wallace,  Idaha    '00 

tWiLflON,  B.  T.,  Jr.,  Mnfr.  and  Miner 88  Wall  St,  New  York,  N.  Y.    '91 

*WiL80N,  WiLLiAK  A.,  Cons.  Min.  Engr.,  P.  O.  Box  7,  Salt  Lake  Qty,  Utah.    '83 
^WiLTSBB,  K  A.,  Chem.,  Mgr.  of  Venture  Corporation, 

Mills  Bldg.,  15  Broad  St.,  New  York,  N.  Y.     '86 

^<^WiNOHELL,  Alex.  N State  School  of  Mines,  Butte,  Mont    '01 

*WiNCHELL,  Horace  V.,  Chief  Geol., 

Amalgamated  Copper  Mining  Co.,  Butte,  Mont.    '92 

»Wnn88,  Jerrt  M.,  Miner P.  O.  Box  783,  El  Paso,  Texas.    '01 

*WiNGATE,  Hamilton  M.,  Chem.  and  Met, 

90  Queenswood  Boad,  Forest  Hill,  London,  England.     '95 
^WiNXiiii.,  Hallstt,  Min.  Engr.,  P.  O.  No.  6  Station, 

Sudan  Government  Bailwaysj  Sudan,  Central  Africa.    '98 
♦WiNSLOW,  Arthur,  Min.  Engr.,  Prest  and  Genl.  Mgr., 

Liberty  Bell  Gold  Mining  Co.,  etc.,  84  State  St,  Boston,  Mass.     '81 

♦WiNSLOW,  George  C,  av.  Engr. Silver  Hill  Farm,  Milford,  Mass.     '97 

*WiSEHAN,  Philip,  Min.  and  Met.  Engr., 

327  Johnson  Bldg.,  Los  Angeles,  Gal.    '98 

♦WiBHON,  WiXTER  W.,  Min.  Engr 323  Bialto  Bldg.,  San  Francisco,  CaL    '82 

*Wi8TER,  Jones,  Dealer  in  Pig  Iron,  Coal  &  Coke, 

672  BuUitt  Bldg.,  Philadelphia,  Pa.    '79 
*WiawKLL,  Herbert  J.,  Min.  Engr.,  Care  Alaska  Copper  Co., 

Coppermount,  Prince  of  Wales  Island,  Alaska.     '02 
*WiTHERBEB,  Frank  S.,  Prcst,  Witherfoec,  Sherman  &  Co., 

Port  Henry,  N.  Y.    '76 
*WiTHERBBB,  JoHN  G.,  Mexican  National  Iron  &  Steel  Co., 

Apartado  90,  Durango,  Mexico.     '04 
*«WiTHERBEB,  T.  F.,  Supt,  Mexican  National  Steel  &  Iron  Co., 

Durango,  Mexico.  '71 
*WiTHERBEB,  WALTER  C,  Irou  Boslncss,  Tress.,  Witherbee,  Sherman  &  Co., 

Port  Henry,  N.Y.  '80 
♦WiTHEBBY,  Edwin  C,  Met.  Engr.,  Care  Semet-Solvay  Co.,  Syracuse,  N.  Y.  '06 
**WiTTENOOM,  Charles  H.,  Cooya  Pooya  Station,  near  Bobume, 

Western  Australia.    '03 

♦WiTTMAN,  N.  R,  Iron  Broker Potts  &  Wittman,  Philadelphia,  Pa.     '04 

*WoAKES,  Ernest  B.,  Cons.  Min.  Engr.,  Linares  Lead  Mining  Co.,  Ltd., 

Linares,  Provincia  de  Jaen,  Spain.     '89 
*WoLF,  Albert  H.,  Cons,  and  Contracting  Structural  Engr., 

Boom  720, 218  La  Salle  St,  Chicago,  HI.  '82 
•Wolf,  Harrt  J.,  Min.  Engr.,  The  Ella  Gold  Mining  Co.,  Telluride,  Colo.  '08 
*WoLF,  Theodore  G.,  Prest.,  Scranton  Mining  &  Smelting  Co., 

136  Wyoming  Ave.,  Scranton,  P&.    '79 
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*Woi.FB,  BUBTON  L.,  Sorvejor,  Cananea  Consolidated  Copper  Co., 

Cananea,  Sonora,  Mexieo.  '05 

**WoLFF,  Db..Fb.  M 2  Jaegentraase,  Berlin  West,  Qermanj.  '82 

*WoLLE,  Habtlet  C,  Mill  Asst.  to  GenL  Mgr.,  Cambria  Steel  Co., 

Johnstown,  Pa.  '86 

*WoMBLB,  Llotd  a Witwatersrand  Deep,  Ltd.,  Transvaal,  So.  Airica.  '08 

**Woo  Yang  Tsang,  Assayer,  Chinese  Engineering  A  Mining  Co.,  Ltd., 

Tong  Shan,  near  Tientsin,  North  China.  '00 
*WooD,  AiiYiNVS  B.,  Min.  Engr.,  Treas.,  Welded  Steel  Barrel  Co., 

SO  Medbury  Ave.,  Detroit^  Mich.  '82 
*WooD,  A.  HamHiTOV,  Vice-Prest  and  GenL  Mgr., 

Big  Broshj  Coal  A  Coke  Co.,  Harriman,  Tenn.  '07 
*Wooi>,  E.  F.,  1st  Vioe-Prest.,  International  Nickel  Co., 

43  Exchange  Place,  New  York,  N.  Y.  '80 
*WooD,  R  Setmour,  Dawdon  Colliery,  Seaham  Harbonr,  Co.  Durham, 

England.  '07 
*WooD,  Gborgx  R,  Electrical  Min.  Engr.,  Farmer's  Bank  Bldg., 

Pittsbnrg,  Pa.  '05 

*WooD,  HowABD Prest.,  Alan  Wood  Iron  A  Steel  Co.,  Conshohocken,  Pa.  '88 

*WooD,  Lee  S.,  Citizens'  Trost  and  Savings  Bank. Denver,  Colo.  '06 

♦Wood,  Lieut. -Colonel  M.  W.,  U.  S.  Army  (Retired), 

Prest  and  Genl.  Mgr.,  Bonlder  Consolidated  Mining  Co.,  Boise,  Idaho.  '04 

*WooD,  BoBEBT  A.,  Mine  Engr...  18  Qneen  Victoria  St,  London,  E.  C,  Eng.  '07 

♦Wood,  Thomas  D.,  Iron  Mnfr... 81  Vandergrift  Bldg.,  Pittsbnrg,  P*u  '70 

♦Wood,  Tinglet  S.,  Mining Leadville,  Colo.  '80 

♦Wood,  Walteb,  Iron  Mnfr.,  Care  R.  D.  Wood  A  Co., 

400  Chestnut  Street,  Philadelphia,  Pa.  '85 
♦Wood,  William  O.,  Mgr.,  By-Product  Coke  Ovens,  Semet-Solvay  Co., 

Benwood,  W.  Va.  '00 

♦♦Woodbbidge,  Tyleb  R 506  Boston  Bldg.,  Denver,  Colo.  '87 

♦Woodbuby,  I^aEDEBiCK  R,  Vice-Prest,  Newport  Mining  Co., 

23  University  Bldg.,  Milwaukee,  Wis.  '04 

♦Woodbtjby,  Leandeb  S.,  Cons.  Engr P.  O.  Box  063,  Milwaukee,  Wis.  '80 

♦Woodman,  J.  Edmund,  Prof,  of  Geology  and  Mineralogy, 

Dalhonsie  University,  Halifax,  Nova  Scotia.  '05 

♦Woodbow,  Jambs  W.,  Min.  Engr 831  Cooper  Bldg.,  Denver,  Colo.  '05 

♦Woods,  Fbank  M.,  Mine  Mgr. Victor,  Colo.  '08 

♦♦WooDWABD,  Allan  H.,  Genl.  Supt... Woodward  Iron  Co.,  Woodward,  Ala.  '00 

♦WooDWABD,  Henby  E.,  Mine  Supt,  Percy  Cons.  Mining  Co.,  Aspen,  Colo.  '80 

♦WooDWABD,  W.  M.  H.,  Min.  and  Met.  Engr Naco,  Aria.  '08 

♦WooDWOBTH,  Todd  C,  Mgr.,  New  Western  Reduction  Co.,  Box  266, 

Goldfield,  Nev.  '00 
♦♦Woolmeb,  £[ebbebt  C.  T.,  Supt.,  The  Aruba  Gold  Concessions,  Ltd., 

Curacao,  Aruba  Island,  Dutch  West  Indies.  '08 
♦WooLBiCH,  Abthub  H.,  Civ.  and  Min.  Engr.,  Director  and  Engr., 

El  Blanco  y  Anexas  Mining  Co.,  Oaxaca,  Mexico.  '04 

♦WoBTHAM,  MiLPOBD 146  East  61st  St.,  New  York,  N.  Y.  '04 

♦WoBTHiNGTON,  Ch ABLE8  C.  ( Retired) ..Shawnee,  Monroe  Co. ,  Pa .  '85 

♦Wbaith,  William,  Mech.  Engr.,  Supt  of  Construction, 

Anaconda  Copper  Mining  Co.,  Anaconda,  Mont  '03 

♦Weight,  Caby Galena,  El.  '00 

♦Weight,  Chablbb  W.,  Asst.  Geol.,  U.  S.  Geological  Survey, 

Washington,  D.  C  '05 
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*Wbigbt,  F&edsbic  £.,  QeoL,  U.  S.  Geological  Sanrej,  Washington,  D.  C.  '04 

^WsiOHT,  Herbert  R,  Civ.  and  Min.  Engr. Femiei  B.  C,  Canada.  '05 

^Wright,  Lewis  T.,  QenL  Mgr.  and  Sapt.  Engr.,  Mountain  Copper  Co., 

Keswick,  Gal.  '97 

^Wright,  Louis  A.,  Min.  Engr. Box  965,  San  Antonio,  Texas.  '04 

t Wright,  Philip  £.,  Iron  Broker  and  Sales  Agt.,  The  Thomas  Iron  Co., 

626-629  Stephen  Girard  Bldg.,  Philadelphia,  Pa.  '02 
*Wright,  Wiluam  Q.,  Min.  and  Civ.  Engr.,  425  CrosslejBldg., 

San  Francisco,  Cal.  '99 
*Wrightson,  Wzlfrid  I.,  Min.  Engr.,  Managing  Director  of  Ljnedale  Coal 

Co.,  Ltd.,  Hexham,  North amherland,  England.  '00 

♦WRnrxLE,  L.  F.  J.,  Min.  Engr. Thebe,  Inyo  Co.,  Cal.  '01 

*WuB2f8CH,  Alfred  F.,  Min.  Engr. 418  Exchange  Bldg.,  Denver,  Colo.  '00 

*WuLFF,  Christiak  8.,  Mine  Mgr.,  GenL  Mgr.,  Pretoria  Exploration 

Diamonds,  Ltd.,  P.  O.  Box  4976,  Johannesburg,  Transvaal, 

So.  Africa.  '98 
**WuRGLER,  Andr£,  Min.  Engr.,  Prof,  of  Mining, 

7  Rue  Vidte,  Paris,  France.  '85 

*Wu8T,  Fritz,  Met Aachen,  Germany.  *05 

*Wtatt,  Francis,  Cons,  and  Anal.  Chem., 

S.  W.  Cor.  9th  Ave.  and  23d  St,  New  York,  N.  Y.  '87 

tWYATT,  James  S.,  Mine  Mgr P.  O.  Box  9,  Saosalito,  Cal.  '05 

*Wter,  Samuel  &,  Mech.  Engr 1210  Highland  St.,  Columbus,  Ohio.  '05 

^Wtkakder,  Bernixt  E.,  Mgr.,  Bofors  Guttsparig  Co...'....Bofors,  Sweden.  '05 

♦Wynn,  Jambs  R Division  SnpC,  Oxford  Furnace,  Warren  Co.,  N.  J.  *03 

**Wyiine,  Ashley  H.  P.,  Assayer,  Care  Calabacillas  Mining  Co., 

via  San  Jos4  de  Garcia,  Sinaloa,  Mexico.  '95 


*Yaxanuchi,  Shigema,  Cons.  Engr.  to  Takata  &  Co., 

Kojtmachi-Eu,  Tokio,  Japan.    '98 

*Yard,  Henry  H.,  Min.  Engr 333  Pine  St,  San  Francisco,  (^aL    '98 

*Yat]BS,  Bruce  C,  Min.  Engr.,  Asst  Engr.,  Homestake  Mining  Co., 

Lead,  So.  Dakota.    '03 
*Ybandle,  William  H.,  Jr.,  Min.  Engr.,  Mina  £1  Banco, 

San  Pedro  Nolasco  Dis.,  Ixtlan,  Oaxaca,  Mexico.    '04 

♦Yeates,  William  S.,  State  Geol.  of  Georgia, Atlanta,  Ga.    '95 

♦Ybatman,  Pope,  Min.  Engr...Eoom  2007,  71  Broadway,  New  York,  N.  Y.     '83 
fYoKOYAMA,  Chojiro,  Kamaishl  Iron  &  Steel  Works, 

Kamaishi,  Bikuchin,  Japan.     '04 
*YoNGE,  Allen  M.,  Min.  Engr.  and  Met,  Thayer  Mining  &  Milling  Co., 
Mina  Tres  Amigos  Puntarenas  (via  New  Orleans), 

Costa  Bica,  Central.  America.     '00 
*YoRK,  James  R,  Cons.  Engr.,  1811  Albermarle  Boad, 

Flatbush,  Brooklyn,  N.  Y.     '87 
*YoRKE,  Charles  A. ,  Min .  Engr. ,  52  Rutland  Gate,  S.  W.,  London,  England.    '98 

♦Young,  Edward  L.,  Mgr.,  Takata  &  Co 10  Wall  St,  New  York,  N.  Y.    '87 

t Young,  Francis  R,  Vice-Prest,  Boston  Exploration  Co Boston,  Mass.    '02 

*YouNG,  Frederick  R,  Min.  Engr.,  Britannia  Copper  Co., 

Howe  Sound,  via  Vancouver,  B.  C,  Canada.    '05 
**YouNG,  George  J.,  Prof,  of  Min.  &  Met,  University  of  Nevada, 

Beno,  Nevada.     '00 
*  Young,  Henry  S.,  Min.  Engr.,  Mgr.,  Bau  Mines  of  Borneo  Co.,  Ltd., 

Bau  Kuching,  Sarawak,  Borneo,  Dutch  East  Lidies.    '08 
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*YouNG,  Jamsb  S.,  Met.,  Ashanti  Ooldfields  Corporation,  Ltd., 

Ajeinm,  Gold  Coast  Colony,  West  Africa.    '95 
*TonNO|  John  W.,  GenL  European  Mgr.,  Allia-Chalmers  Co., 

533  Salisbury  House,  Finsburj  Circus,  London,  £.  C,  England.     '94 
*YonNG,  J.  W.  B.,  Strathmore,  Eastern  Boad,  East  Finchlej,  K, 

London,  England.    '91 
♦YouKG,  Lewis  E.,  Prof,  of  Min.  Engineering, 

Colorado  School  of  Mines,  Golden,  Colo.    '01 

*You»G,  Watlaot)  H.,  Min.  Engr.. 306  Pine  St.,  San  Francisco,  CaL    '04 

*You»G,  WiULiAM,  Magistrate,  P.  O.  Box.67,  Bat  Portage,  Ontario,  Canada.    '04 
^YuNG,  MosBisoN  B.,  Mine  Supt,  El  Cobre  Mines,  Santiago  de  Cuba,  Cuba.    '02 

♦Zambramo,  Adolpho,  Miner,  Secy.,  Monterey  Steel  Works, 

Monterey,  Mexico.  '02 
•Zehhdes,  C.  H.,  Pig  Iron  Manfr., 

1218  Pennsylvania  Bldg.,  Philadelphia,  Pa.  '87 
*Zelleb,  Fbank  M.,  Vice-Prest  and  Secy.,  Continental  Mnfg.  Co.,  etc. 

Old  Stock  Exchange,  Philadelphia,  Pa.  '00 

*Zkrbbt,  Frederick  E.,  Min.  Engr.,  93  West  Union  St.,Wilke8-Barre,  Pa.  '92 

*Zerh,  E.  N Sturgis,  Ky.  '04 

*ZiMBfERMAN,  Adolph  A.,  Chemist  and  Assayer Helena,  Mont  '96 

tZDnoRAFF,  R Hoboken-les-Anvers,  Antwerp,  Belgium.  '98 

*ZwiCKT,  William  R,  Mine  Mgr.,  Bambler-Cariboo  Mine,  Ltd., 

Easlo,  6.  C,  Canada.  '05 

Honorary  Members .\ 8 

Members 8,685 

Associates 193 

Total 3,886 
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Elected.  IHed. 

1903    *Ai>AX8,  Chableb  a 1906 

1884    »Addy,  Matthew 1896 

1894    ♦Allen,  R.  R 1896 

1874    ♦Amiot,H 1892 

1886    *Am8LER,  Cabl. 1894 

1898  **Ain)E»80N,  John  W 1906 

1896  *Ang8Tb5m,  Cajkl. 1901 

1890  *Abm8tbono,  John  F 1898 

1882  »ABNOLDe,  Hugo 1886 

1876  *Ashbubner,ChablebA.  1889 
1872  *A8HBuiiKBR,  William...  1887 

1883  »Atkin8,C.M.,Jb. 1886 

1897  ♦Ayebs,  William 1898 

1886    »Baboock,  Geo.  H 1893 

1884  ♦Bailey,  Edwabd 1889 

1880  *Bailby,  Jackson 1887 

1900  ♦Ballou,  Fbanklin 1903 

1886  *Babne8,F.W 1892 

1884    tBABNS,  George  T..., 1900 

1884    *Babb,J.  N 1904 

1888    »Babrett,D.  H 1888 

1877  *BABTLi!rrT,  J.  C. 1903 

1901  *Battebmah,  a  a 1901 

1891  •Becheb,H.M 1893 

1882  *Bbbger,  H 1892 

1888  ♦Bell,  George  A 1902 

1892  ♦Bell,G.B 1893 

1874      BeU,  Sir  Lowthian. 1904 

1889  *Bennbtt,  David  A 1897 

1899  *Bb8T,  John  W 1904 

1876    ♦Bierwith,  L.  C 1902 

1882    ♦Billing,  G 1890 

1876  *Blackwell,  Edwabd...  1880 

1877  ♦Blake,  F.  C 1891 

1903    ♦Blandy,  a.  Poyntz 1903 

1871    ♦Blandy,  John  F 1903 

1871    ♦Blo880m,T.M 1876 

1893  ♦♦BoBBicKE,  Rudolph 1897 

1887  ♦Boies,  Henry  M. 1903 

1892    ♦Booth,  Edgab  H 1898 

1876    ♦BoBDA,  E 1897 

1891    ♦BosHEB,  C.  H 1894 

1871    ♦BowDEN,  James  H. 1900 

1886    *BowMAN,  Amos. 1894 

1886  ♦Boyle,  Thomas  G 1890 

1887  ♦Bbaden,  S 1894 

1879    ♦Bbainebd,  A.  F ...  1893 

1871  ♦Bbamwell,  J.  H 1894 

1879  ♦Bbidgman,  H.  L. 1900 

1881  ♦Briggs,  Robert 1882 

1880  ♦Brinsmade,  J.  B 1884 

1880    ♦Brown,  A.  C 1890 

1872  ♦Brown,  A.  J 1875 

1890  ♦♦Browne,  Arthur  R 1900 

1882  ♦Browning,  F.  D. 1885 

1886    ♦Bruckner,  Wm 1887 

1890    tBRUNiNGS,  J.  H 1893 

1901    ♦Bryan,  Luke  W 1905 


Elected. 

896    ♦BucKE,  M.  A 

tBUELL,  P.  A 

♦Bullock,  M.  C... 
♦BUNSEN,  Robebt... 
tBUTLEB,  CyBUS.... 

♦Butleb,  W.  p. 

♦Button,  Edwabd  . 
♦Byebs,  Alexandeb  M. 
♦Cade,  Edwin  Abthxtb.. 


900 
874 
.876 
872 
900 
893 
886 
908 
876 
878 
897  ♦♦Campbell,  William  Y,. 


♦Caldwell,  W.  B.,  Jb.... 
♦Camebon,  James  R.. 


fCANFiELD,  A.  Cass., 

♦Cabkeek,  John 

♦Cabnegib,  Thomas  M  ... 
♦Gabpenteb,  J.  H 

fCABBEL,  F.J 

♦Carroll,  Michael 

♦Carroll,  William  E... 

♦Cary,JohnS 

♦Case,  W.  H 

♦Ca8tUlo,A.de] 

♦Chalpant,  John  W 

♦Chambebs,  R  C 

♦Chanutb.  Abthub 

♦Chapeb,  Maubioe 

♦Cheeveb,  B.  W 

♦Chesteb,  a.  H 

♦Chisholm,  Henby 

tCnisHOLM,  S.  S 

♦Clabk,  C.  J 

♦Clabk,  Ellis 

♦Clark,  Henry  G 

♦Clark,  Joseph  K. 

♦Clark,  R.  Neii^on.. 

♦Clark,  William 

♦Clayton,  Joshua 

♦Clayton,  W.  S.. 


876 
898 

878 

891 

897 

887 

901  < 

893 

878 

892 

873 

886 

882 

879 

882 

871 

.876 

897 

890 

874 

877 

887 

,872 

881 

874 

883 

887  ♦♦Clement,  Victor  M.. 

876    "" 

891 

896 

896 

876 

881 

888 

902 

.882 

891 

874 

902 

874 

899 

871 

891 

886 

871 

874 


♦Clembs,  J.  P... 

♦COGHLAN,  F.  M. 

♦Cole,  Harold  M. 

♦Collins,  Arthur  L 

tCOLLINS,  H.  E 

♦CONANT,  T.  P 

♦CoNRO,  Albert 

Gontreragy  Mannel  M. . 

♦Converse,  James  B 

♦conyngham,  c.  m 

♦Cook,  George  H 

*CooM,  Henry 

♦Cooper,  Edward 

fCoRBETT,  Francis  E.... 

♦COBYELL,  MaBTIN 

♦COWLAND,  C.  D 

♦COWLES,  E.  H 

♦COXE,  ECKLEY  B 

♦CoxE,W.  E.  C 


Died. 
1899 
1900 
1899 
1887 
1890 
1908 
1900 
1900 
1908 
1880 
1881 
1899 
1904 
1900 
1886 
1898 
1894 
1891 
1904 
1899 
1898 
1896 
1898 
1901 
1896 
1896 
1888 
1903 
1881 
1901 
1896 
1896 
1881 
1903 
1894 
1884 
1889 
1886 
1903 
1876 
1903 
1902 
1902 
1896 
1891 
1901 
1902 
1883 
1894 
1886 
1903 
1906 
1901 
1892 
1894 
1892 
1896 
1904 


DBOBASBD. 
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Bleoted. 

871    *CRAfTB,  Walter 

887    ♦Craven,  Frank  8. 

887    ♦Graven,  Henrt  S 

879    «CRocacER,  William  B.... 
.879    ♦Curry,  Henrt  M 

871  ♦Daddow,  8.  H 

884    ♦Dagron,  J.  G ^... 

872  ♦♦D'Aliony,  H.  F.  Q 

883  ♦Darley,  E.  C 

891     tDARLING,  J.  V 

891    ♦Darling,  W.  P 

887    ♦Daiibree,A 

877    ♦Davenport,  Russell W. 
900    ♦Davidow,  laiDOR « 

882  ♦Davidson,  D.  R 

899    tDAViDSON,  Louis 

881    ♦Davibb,  Edw.  8 

887    ♦Davies.W.  B 

tDAVis,M.C 

884  tDAYTON,L.M 

883  ♦DeCabip,  A,H 

886    *De  Camp,  Edw.  F 

.876    ♦Db  Camp,  William  8. ... 
872  ♦♦Db  Crano,  E.  G.. 


♦Db  Peioer,  R.  F.  J 

♦Desloge,  John  M 

♦Dickee80n,ClarenceM. 

♦Dickson,  Thomas 

♦Dillon,  Ralph 

♦DissTON,  Horace  C 

♦DissTON,  Thomas  8 

♦DOBLER,  F.  C 

♦Dodge,  Wallace  H 


880 
881 
902 
883 
902 
884 
.886 
902 
884 
900  ♦♦Dodge,  William  E.. 

892    "-^  

897 
882 
879 
876 
871 
900 
889 
876 
881 
871 
889 
879 
891 
881 
876 
880 
872 
893 
880 
883 
881 
878 
876 
886 
872 
876 
880 
876 
882 


♦DoDSON,  R.  T.. 

♦DoERR,  Edward 

♦DOMINICK.  F.  J 

♦DORSEY,  E.  B 

fDREBSER.  Charles  A... 

Drown,  Thomas  M 

♦Du  Bois,  Louis  C. 

♦DUPPIELD,  P.  W 

♦DURPEB,  W.  F 

♦DWIGHT,  W.  S 

♦Egleston,  Thomas. 

♦Eldridge,  George  H.., 

tELY,  E.  B 

♦Ely,  George  H , 

♦Emanuel,  W.  H 

♦Emerson,  B.  F 

♦Emery,  Charles  E. 

♦Engelmann,  Henry 

tEscoBAR,  Mario 

♦Evans,  John  D , 

♦Fbgely,  Isaac 

♦Felton,  8.  M 

♦Ferguson,  E.  M 

♦Fernekes,  Anton.. 

♦Ferris,  G.  W.  G.,  Jr... 
♦Firmstone,  William..., 

♦Fisher,  Harvey 

♦Fisher,  H.  H 

♦Foote,  Herbert  C 

♦Ford,  Robert  G 


Died. 
1896 
1889 
1889 
1886 
1900 
1876 
1896 
1876 
1901 
1892 
1896 
1896 
1904 
1904 
1884 
1903 
1886 
1891 
1886 
1892 
1896 
189iS 
1906 
1893 
1883 
1900 
1903 
1884 
1902 
1902 
1895 
1903 
1896 
1903 
1896 
1904 
1895 
1900 
1873 
1904 
1903 
1897 
1899 
1884 
1900 
1905 
1884 
1894 
1901 
1884 
1898 
1899 
1901 
1891 
1891 
1884 
1904 
1887 
1896 
1876 
1889 
1888 
1880 
1891 


Clement  '  Le 


Elected. 

1903  ♦Foster, 

Neve ^ 

8  ♦Francis,  A.  G 

871  ♦Frazier,  R  W 

878  ♦Freeman,  H.  C. 

877  tPMBMAN,  William  C... 

894  ♦French,  Aaron 

877  f  Fuller,  John  T. 

898  ♦Fuller,  T.  E 

891  ♦Fulton,  G.  E 

888  ♦Furlonor  W.  H 

880  ♦Furman,  H.  Van  F 

890  ♦GaetEBehmaim.Morits... 

878  ♦Gardner,  G.  Clinton... 

881  ♦Gabrett,  William 

884  tGATBWOOD,  R 

894  ♦Gibson,  W.  K 

883  ♦Gilbert,  Edward  G 

882  *GoETZ,  G.  W 

897  ♦GOODWILLIE.  J.  B 

871  tGooDwiN,  H.  8 

876  ♦Gould,  Robert  A 

872  fGowEN,  Franklin  B 

890  ♦Gracey,  F.  P 

876  tGRAHAM,  Thomas 

896  ♦Grant,  John  A 

877  ♦Gridley,  Edward^ 

874  ♦Grippen,  John 

894  ♦Grubb,  R  B 

871  ♦Ornner^L. 

8  ♦GuENTHER,  Albert 

883  ♦GuRLEY,  William 

883  ♦Hadley,  W.  C 

879  ♦Hahn,  Ignatius. 

888  ♦Hainsworth,  William. 

891  ♦  h alder,  a  lbert  h 

881  ♦Hall,  Jambs  F 

888  ♦Hall,  Jesse. 

894  ♦Hamilton,  Walker 

889  ♦Hammer,  Hakon 

896  ♦Harlow ,  Mellen  8 

900  ♦Harmon,  Dana 

874  ♦Harnickell,  A 

872  ♦Harris,  8tbphen 

871  ♦Harris,  Wm.  J 

877  tHART,  W.  R 

890  ♦Hartung,  Max  J 

.880  tHARVEY,  WiLLLAM  H.... 

894  ♦Hayden,  Edward  8 

887  tHAZARD,  Rowland 

881  ♦Healy,  Maurice 

883  ♦Heard,  John,  Jr 

902  ♦Heckelmann,  Otto 

893  ♦Heckscher,  Richard  P. 

873  ♦Heinrich,  Oswald  J 

876  ♦Hemphill,  Jambs 

892  ♦Henry,  Adolph 

87 1  ♦HEwrrr,  Abram  8. 

890  ♦Hicks.  Geo.  J 

894  ♦Hildreth,  R.  W 

889  ♦HiLLMAN,  Daniei. 

891  ♦HiNTON,  F. 

«80  ♦HoATSON,  Thomas 

886  ♦Hodgson,  Thomas 


Died. 

1904 
1890 
1906 
1900 
1903 
1902 
1885 
1898 
1896 
1896 
1902 
1895 
1904 
1903 
1890 
1898 
1893 
1897 
1898 
1892 
1878 
1889 
1896 
1892 
1897 
1887 
1884 
1899 
1883 
1899 
1887 
1896 
1888 
1896 
1901 
1884 
1902 
1896 
1896 
1901 
1903 
1887 
1874 
1904 
1892 
1894 
1888 
1899 
1898 
1881 
1896 
1902 
1903 
1886 
1900 
1892 
1903 
1891 
1896 
1890 
1896 
1897 
1896 
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DBOBASBD. 


Elected.  Died. 

1888  **HOEFEB,  EUOBITE 1899 

1876    ♦HoLBROOK.  F.  N 1902 

1887    tHoLDEN,  E.  F- 1899 

1899  *HoLD6WOBTH,  Frank  A.  1902 

1871  *HoLLBY,  A.  L „  1882 

1887    *H0LLiBTKB,  O.  J 1892 

1876  ♦HoLLOWAY.  J.  F 1896 

1878  *HooPEB,  William 1902 

1890  *HoPKE,  Frank  E 1890 

1877  *H0BT0N,N.  W 1886 

1899  ♦HosiE,  Jambs  P 1898 

1891  ^HoBKiNQ,  George  F 1895 

1894  ♦H08K0LD,  H.  D 1904 

1886    ♦Howard,  T 1896 

1886    *HuHN,  E.  C.  0 1894 

1881  ♦HuLBERT,  Thomas  H 1889 

1872  *Humphreys,A.W 1894 

1882  *HUNGERFORD,  Wm.  8....  1904 

1879  *HuNT,  Alfred  E 1899 

1871    *HuNT,  Joseph 1897 

1878  »HuNT,  Joshua «  1886 

1871    »HuNT,  Thomas. 1872 

1871  *HuNT,  T.  Sterry 1892 

1879  *Hu88EY,  C.C 1884 

1880  *Hyndman,  E.  K 1884 

1879  *Inoersoll,  S.  Warren..  1884 

1876    *Inman,  a.  L 1894 

1890    *Ireland,  Thomas  A 1902 

1900  ♦Irish,  Dana  C 1905 

1872  ♦Irving,  R.D 1888 

1881  tiRWiN,  John  H 1890 

1882  ♦Jambs,  Isaac  E 1887 

1879    ♦James,  Bebbb.. 1899 

1895  ♦Jamijbbon.  M.  B 1895 

1886  ♦Janin,  Alexis. 1897 

1874    ♦Janney,  Morris  P 1898 

1901  ♦Jenkins,  Thomas 1902 

1874    ♦Jenney,  F.  B 1876 

1878  ♦Jbrnbgan,J.L 1881 

1892  ♦Jbssop,  William  H 1900 

1879  ♦Johnson,' Isaac  G 1902 

1898  t Johnson,  William  E 1901 

1881    ♦Johnston,  W.  N 1886 

1878    ♦Jones,  RF. 1903 

1876    ♦Jones,  D.  N 1889 

1887  ♦JoNis,  Edward 1892 

1881  ♦Jones,  Griffith 1888 

1876    ♦Jones,  W.B. 1889 

1888  ♦JoussELiN,  A.  L 1897 

1888    ♦Kelly,  G.  D 1892 

1890     Kerl,  Bruno 1905 

1876    ♦Kerr,  Prof.  W.  C 1885 

1882  ♦Kimball,  Hiram 1899 

1899  ♦♦King,  Clarence.. 1901  ' 

1897    tKiNG,  Porter. 1901 

1882    ♦KiNGSLEY,  J.  Cook. 1899 

1890  ♦Knight,  Fletcher  H.,..  1903 

1900  ♦Knight,  Wilbur  C 1903 

1897    ♦Koch,  E.  C 1898 

1891  ♦KoEHLER,  Walter  J 1901 

1896  ♦KORNBERG,  G.  A 1901 

1891    ♦Kreischer,  C.G 1891 

1884    ♦Kriete,  Henry  C 1890 

1890    ♦KuRiMOTO,  Ren 1892 


Elected.  Died. 

1896  ♦Labram.  George... 1900 

1876  ♦Lamborn.B.H 1894 

1882  ♦♦Landis,  Edward  K 1904 

1888  ♦Landsburg,  E. 1888 

1887  ♦♦Larnach,  W.  J.  M 1898 

1892  ♦Lavalbyb.Ede 1892 

1895  ♦Le  Conte,  Joseph 1901 

1899  tLBE,  Harry  H. 1905 

1876  ♦Leb,  R.  H 1895 

1876  ♦Lee,R.  H 1892 

1871  fLEB,  Washington 1872 

1882  ♦Leibenring,  E.  B 1894 

1875  ♦Leisenbing,  John 1874 

1902  ♦Lengemann,  Aug 1904 

1896  Leslej.J.P. 1903 

1881  ♦Lewis,  David  R 1887 

1875  ♦Lewis,  Jambs  F 1901 

1871  ♦LiEBENAU,  Charles  VON  1876 

1887  ♦LiENAU,  D.  B 1890 

1896  ♦LiNDERMAN,  ROBERT  P..  1902 

1900  ♦Lindsay,  Edward  N 1900 

1902  ♦Lindsay,  William  A....  1905 

1889  ♦Lindsay,  William  W....  1902 

1891  ♦LoANE,W.  E 1896 

1891  ♦LOBDELL,  Geo.  G 1894 

1873  ♦LoiSEAU,E.F 1886 

1871  tLoRD,JoHNC 1872 

1882  ♦LoRD,R.  F 1899 

1874  ♦LoRBNZ.W 1884 

1881  ♦LoRENZ,  W.,  JR 1881 

1879  ♦Lowe,  Francis  A 1883 

1894  ♦LucKRAFT,  J.  S 1903 

1884  ♦Luther,  RC 1905 

1888  ♦McCalley,  Henry 1904 

1879  ♦McCandlebs,  E  V 1903 

1897  ♦McCartney,  Robert  J.  1904 
1871  ♦McClellan,  Arthur...  1904 
1 874  ♦McCoRMACK,  Henry 1 900 

1885  ♦McGiNNis,  J.W 1891 

1877  ♦MclNTiRE,  Henry  M 1880 

1880  tMcKEE,  David.. 1884 

1883  ♦MoKeown,S.  W 1898 

1899  ♦McLean,  Gordon 1905 

1871  ♦McNair,  Thos.  8 1902 

1902  ♦MgNamara,  Herbert  H  1905 

1876  ♦Mackintosh,  J.  B 1891 

1881  tMACKiNT0SH,W.a 1884 

1898  fMAcLAREN,  Duncan 1901 

1886  ♦MacLean,  F.P 1891 

1874  ♦MacMartin,Archibald  1881 

1876  ♦Macy,  Arthur 1891 

1894  f  Macy,  Charles  A., 2d...  1901 

1874  ♦Maffet,  W.  R 1891 

1888  ♦Mahony,  Arthur  S.  J..  1904 

1887  ♦Manness,  Charles  F..  . . .  1887 

1878  ♦Manthey,  William 1883 

1890  ♦♦Manzavino,  N 1899 

1880  ♦March. W.J 1891 

1887  ♦MABriH,  Charles  W 1896 

1888  ♦Marsh,  Walter 1897 

1879  ♦Martine,  Charles  A 1900 

1878  ♦Marvin,  Selden  E 1899 

1887  ♦Matthews,  C.  W. 1891 

1874  ♦Maury,  M.F 1886 


DBOBASBD. 
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Etocled.  Died. 

1882    tMnANS,  AscHiBAU) 1898 

1899  *Mbllob8,  Paui. 1902 

1871    *Mercub,  Frederick 1888 

1900  *Mbbser,  Edgar  H 1902 

1882    ♦MicHAEua,  O.  E. 1890 

1876  *MiCKLEY,  J.W 1880 

1898  ♦MiDDLETON,  W.  B.^ 1899 

1877  *Milbb,FredP 1897 

1893    ♦Miller,  C.H 1896 

1875  ♦Miller,  Reuben 1890 

1877    ♦Mills,  James  E 1901 

1882  ♦MoEN,  Philip  W  1904 

1871    ♦MoFPAT,  E.  S 1893 

1891    ♦MoiSTER,  I.  R 1896 

1889  ♦MoLSON,  J.  H.  R.... 1897 

1877  ♦Moore,  Charlm  W 1877 

1895  ♦MooRE,E.W.  8 1896 

1876  ♦Moore,  Jambs 1901 

1879    ♦Morgan,  J 1892 

1878  ♦Morgan,  Thomas  R 1897 

1879  ♦MoRisoN,  George  S 1903 

1896  ♦MoRLEY,  B.  F 1903 

1874    ♦Morris,  S.  Fisher. 1901 

1881  ♦Morse,  H.G 1903 

1899  ♦MouLDm.H.  L. 1903 

1883  ♦Nason,  B^enry  B 1894 

1879    ♦Neelbon,  Jambb 1893 

1895    ♦Nemon.W.  8 1897 

1886  ♦Newberry,  W.  E 1899 

1871  ♦Newton,  Henry 1877 

1874    ♦Newton,  Isaao 1884 

1873    ♦Nichols,  Edw 1892 

1893  ♦Nichols,  N.  J.. 1896 

1882  ♦Nicholson,  A.  H 1887 

1888  ♦♦NiTZE,  H.  B.  C 1900 

1881  ♦Noble,  8amuel 1888 

1882  ♦Norton,  F.  O 1893 

1887  ♦O'Farrell,  John  J 1888 

1888  ♦Oliver,  William 1890 

1881  tOoTHOUT,  E.  A 1894 

1887    ♦Osgood,  F.C 1903 

1894  ♦Owen,  Frank 1901 

1886  tOwEN.  J.  R.  D.« 1887 

1882  ♦Paddock,  John  H 1903 

1900  ♦Page,  Clarence  V 1903 

1873  tPAiNTER,  A.  E  W 1903 

1874  ♦Painter,  Howard 1876 

1872  ♦Park,  Jambs,  Jr. 1883 

1887  tPARKBR,  O.  B 1891 

1898  ♦Parker,  William  J.,  Jr  1906 

1876    ♦Parkin,  Charles 1904 

1900    ♦Parks,  James  F 1903 

1875  ♦Parks,  John  C 1902 

1874    ♦Parsons,  Charles  0 1894 

1890  ♦Patera,  Adolph 1890 

1886    ♦Patterson,  R.  P 1904 

1888  ♦Patterson,  W.  E 1896 

1889  ♦Paul,  Henry 1904 

1886    ♦PercjyJolm 1889 

1882  ♦♦Peters,  J.  a 1899 

1883  ♦Peters,  8amuel. 1899 

1902  ♦Petbrsdorfp,  C.  F.  von.  1903 

1871  ♦♦Petteb,  William  H. 1904 

1888  ♦Pettibone,  Augitbtus....  1890 


Elected. 

877    ♦Phelps,  Walter 

896    ♦Philips,  Joseph,  Jr.. 

891    ♦Phillips,  A.  G 

.882    fPniLLiPS,  P.  E 

882    tPiEBSON,  O.  H 

872  *Platt,  Franklin 

873  ♦♦Platt,  J.  0 

876    ♦Platt,  W.  G 

872    ♦Pleasants,  Henry... 

880    ♦Plummer,  J.  W 

889  ♦♦PoMEROY,  James  H.... 


884 
887 
886 
900 
899 
886 
885 
.887 
876 
881 
889 
889 
876 


♦Porter,  Geo.  A.. 
♦PosepiiT.  Franz.. 
J.  D.. 


♦Potts, 

♦Powell,  John  Henry... 

♦Powell,  John  R 

♦Pratt/N.  W 

♦Price,  E.  A 

♦Price,  J.  A 

fPRIEST.  J.  R 

♦Prince,  F 

♦quintard.  k  a 

♦Ramsay,  M 

♦Rand,  Addison  C 

882    ♦Rand,  Jasper  R. 

873  ♦♦Rand,  Theodore  D 

879    ♦Randol,  Jambb  B 

891    ♦Rawling,  Charles  Q.  . . . 

tREDDY,  P 

♦Reed,  H.  L 

♦Reid,  J.  M 

♦Reinhardt,  H.  O 

fRiCH,  Jacob  M 

♦Richards,  George 

884  ♦♦Richards,  John  T. 

871    ♦Bichter,  C.  E 

♦Blchter,  Theodor 

♦Rickard,  Alfred 

♦RicKARD,  Reuben 

tRiCKARD,  R.  H 

fRicKETsoN,  John  H 

♦Rider,  W.  E 

♦RiNGEMNG,  Frank 

♦RiosEco,  Pedro  P 

♦Riotte,  Eugene  N 

tRiPLEY,  Charles  O 

♦Boberts-Ansteii,  W.  C... 

♦Robinson,  L.  L 

♦Robinson,  Thomas  W.... 

♦Rogers,  A.  N 

♦Roosevelt,  Elliott 

876  ♦♦RosECRANS,  W.  8 

871    ♦RoTHWELL,  Richard  P.. 

895  ♦♦RoTTHOFP,  WiLHBLM 

900  ♦♦8ahlberg,  august. 

♦Santa  Maria,  Raymun- 

DO  DE 

♦Savage,  E.  G 

♦Saylor,  David  O 

ttScHAFFER,  Charles.... 

♦SCHAUFUSS,  E.  C 

♦Schirmer,  I.  F.  L 

♦SCHLINK,  T 

♦Schmalens^e,  Carl  yon. 


892 
892 
889 
883 
896 
876 


883 
884 
884 
877 
872 
883 
886 
898 
883 
902 
899 
890 
878 
882 
893 


886 
882 
892 
883 
872 
891 
886 


Died. 
1878 
1905 
1903 
1884 
1882 
1900 
1898 
1886 
1880 
1896 
1903 
1892 
1895 
1893 
1903 
1902 
1896 
1898 
1892 
1880 
1892 
1903 
1892 
1900 
1900 
1903 
1903 
1902 
1900 
1893 
1895 
1894 
1903 
1900 
1896 
1877 
1898 
1896 
1896 
1885 
1900 
1892 
1893 
1903 
1891 
1906 
1902 
1892 
1880 
1890 
1894 
1898 
1901 
1897 
1903 

1883 
1891 
1884 
1903 
1889 
1877 
1893 
1887 
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]El«cted. 

^CHMITZ,  EmEBICH  J....» 
*SCHT7CHABD,  ChABLEB.... 

876  tSCHWARTZ,  J.  B 

871    *ScRAirroN,  W.  H 

888    *Seddon,  T. 

900    tSSEOEB,  LUDWIO 

890  «8erlo,  Albert 

904  ^EViKB,  Ibviiio  H 

893  *Sbymoub,  L.  I 

877  •Shkafkr,P.  W 

888  *»Shibld8,  C.  O.. 

875  ""  

881 
879 
872 
871 
886 
902 
.888 
874 
901 


Died.   Eleeted. 

1906    1876  *Taylob,W.  J 

1888  1876  «Tbpft.  Walter ^. 

1900  1886  *Tebhunk,  Richard  H... 

1889  1882  »Thaw,  Wm.,  Jr 

1896   1891  ^Thiblen.  Alezakdeb... 

1905  1892  *Thiby,  Joseph 

1898  1871  ^Thomas,  Dayld 

1904  .  1892  tTHOMAS,  D.  M 

1900  1871  "Thomas,  John. 


890 
877 
876 
894 
887 
900 
897 
.889 
893 
886 
.889 
900 
872 
881 
881 
894 
899 
896 
891 
881 
874 
886 
891 
886 
872 
902 
890 
884 
892 
888 
893 
906 
900 
903 
879 
898 
873 
871 
.889 
900 
892 


*8hinh,  W.  p. 

•Sickles,  T.  E 

•Siemens,  C.  WiUiam 

*8lLLIMAN,   B 

•SiLLIMAN,  J.   M 

•Sims,  Alfred  W 

*SlM8,  Wm.  J 

•Skinner.  T.  L 

•Slade,  F.  J 

•Slavens,  John  H 

•SLtJDER,  E.  E 

•Smalley,  W.  a 

•Smith,  Frederick  H.... 

•Smith,  Hamilton 

•Smith,  H,  S 

•Smith,  J.  Hargourt 

•Smith,  W.  T 

•Sperry,  Jacob  J 

•Spotswood,Qeorge  McL. 

•Spottswood,  G.  A 

•Sprow,  J.  H 

fSquiER,  Charles  B 

•Stanley,  Henry  M 

•Stantial,  Otis  T 

•Steitz,  Augustus. 

•Sterling,  Henry  S 

•Stbtefeldt,  C.  a 

•Stevens,  Andrew 

•Stevens,  Edwin  A 

•Stevens,  Wm.  F 

•Stickney,  C.  Wade. 

•Stinson,  John  M 

•St.  John,  I.  M 

•Stockwell,  N.  8. 

•Stoddard,  A.  B 

•Stodder,  R.  H 

•Stoebleng,  Hermann  ... 
•Stoiber,  Gustavus  H.... 

•Stollmeyer,  a.  B......... 

•Stone,  Gen.  Charles  P.. 

•Stone,  G.G 

•Straker,  Tooke. 

•Striedinoer,  J.  H. 

•Study,  W.  L. 

•Swan,  Robert  M.  W 

•SwANEY,  Homer  H 

•Swindell,  William 

•SwoYER,  John  H 

♦Symington,  W.  N 

•Symons,  W.  R 

•SzoNTAGH,  Oscar 

•Taunton,  F.  W 

•Taylor,  Geoboe  R 


1891 
1896 
1892 
1886 
1883 
1885 
1896 
1895 
1903 
1894 
1891 
1904 
1897 
1886 
1899 
1900 
1899 
1899 
1898 
1905 
1903 
1896 
1895 
1904 
1902 
1903 
1876 
1882 
1896 
1895 
1902 
1902 
1904 
1884 
1880 
1888 
1900 
1889 
1875 
1905 


1881  •Thomas,  Sidney  G 

1894  ♦^•Thompson,  F.  A 

1876  •Thompson,  Prop.  CO... 

1896  fTHOMPBON,  William  T... 

1893    «Thom80n,  John  L 

1879    •Thonard,  Leon. 

♦Thurston,  Robebt  H... 

•TiLEMAN,  John  N 

•TOBBANCE,  J.  F. 

1890    •ToBBEY,  Gbay 

1 897  •Totten,  Alfbed  I 

«XowEB,A 

•Tbippel,  Alezandeb.... 

•Troilius,  M 

•Tucker,  Charles  R  L. 
•Tmuier,  Peter  Bitter  v.. 


1876 
1881 
1876 


1878 
1883 
1881 
1897 
1871 


1896  •Turner,  Robebt  R. 

1877  •Tuttle,  H.  a 

1886  •Tyson,  James  W 

1890  •Ulbich,  GboegeH.F.... 

1899  •Vale,  Stephen  W 

1884  •Van  Slooten,  Wm 

1887  ♦Van  Tuyll,  C.  B 

1888  •Van  Wicklb,  A.  S 

1889  •Van  Zandt,  F 

1880  ♦Veedeb,  H 

1874  •Vezin,  Henby  A. 

1902  •ViBOOB,  Waltbb  H 

1891  •Wagneb,  J.  R 

1888  •WaITHMAN,  HUBEBT 

1 894  ♦Walk  eb,  Hami lton 

1886  tWALKEB,  Joseph  R  ...„. 

1886  ♦Walker,  W.  J.  B 

1874  ♦Walsh,  Edwabd,  Jb 

1884  ♦Walter,  T.  Frank 

1872  ♦Walz,  Isidor. 


1878  tWARNBR,  L.  E. 

1882  ♦Waters,  J.  H.  E 

1886  ♦Watebs,  Thomas  J 

1887  ♦Watson,  Frederick  M.. 

1890   1897  ♦Watoon,  Wm 

1887  !  1881  ♦Watts,  D 

1893  !  1882  ♦Webb,  H.  Waltbb 

1892:1875  ♦Weeks,  Joseph  D 

1894  1896  ♦Weib,  Robebt  S 

1905   1876  ♦Welch,  Ashbel 


1905 
1904 
1902 
1899 
1899 
1888 
1903 
1900 


1890  ♦Wellman,  Chables  H... 

1880  ♦Wells,  Babd 

1875  ♦Wendel,Db.  A 

1874  ♦Wendt,A.  F 

1888  ♦West,  A.  R 

1 876  ♦Wheatley,  Chables  M. 

1876  ♦Whebleb,  Moses  D 

1 882  ♦Wheelock,  Jebome 


1903 !  1879  tWHiLLDiN,  W.  I.. 


Died. 
190S 
1886 
1906 
1892 
1897 
1906 
1882 
1895 
1897 
1886 
1897 
1885 
1899 
1900 
1886 
1903 
1888 
1895 
1898 
1905 
1891 
1896 
1886 
1902 
1897 
1903 
1888 
1900 
1900 
1902 
1901 
1890 
1898 
1892 
1896 
1902 
1905 
1899 
1891 
1896 
1901 
1894 
1901 
1888 
1877 
1884 
1893 
1898 
IPOO 
1902 
1893 
1900 
1896 
1898 
1882 
1906 
1893 
1881 
1893 
1893 
1882 
1889 
1902 
1882 
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Elected.  Died. 

1892  *Whitakbb,  Thomas  D...  1896 

1886  *Whitb,JambbB. 1887 

1898    ♦Whyte,John8 1902 

1877    *WiBBTLiNO,  G.  B 1891 

1885  *Wiixx)x,  8 1893 

1888    *WiixiAMB.  Pbahk 1901 

1875  *WlLLIAJCS,  HXNBT 1902 

1888  ^Williams,  J.  Fbakoib...  1891 

1883    *WiLLiAii8,  J.  J. 1892 

1887  ^WiLUAMS.  OuvxB. 1904 

1876  *Wii«)K,  J.A 1896 

1887    *WiMOK,J.  W 1894 

1886  *WiLSON,  Wambr  B 1904 

1898    ♦WiBrER,JoHK 1900 


Elected.  Died. 

1871      fWlTHBBBEB,  J.  G 1876 

1893    *WooD,  Jambs  G 1899 

1883    tWooD,  W.  Dewbbb- 1899 

1881    *Wood,Wm.  J 1886 

1H95  * WooDFOBD,  Glabbnob  A.  1898 

1879  *WoRTHi»GTON,  H.  R 1880 

1880  *  Wright,  Chablbb  £. 1888 

1902    *Wrioht,  Frbd  A 1903 

1871    tWRiOHT,  Harrisok. 1885 

1876    ♦Wriolby,H.E 1882 

1881  ♦WuRT8,aP, 1892 

1883  *Yardlby,  Thomas  W....  1900 

1879  ♦•YoTOO,  Jambs  R 1902 
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LIST  OF  MEMBERS  AND  ASSOCIATES  ARRANGED 
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ALABAMA. 
Aldrich,  Aldrichy  W.  F.  Annigton,  Noble,  A.  E  Bememer^  Fergaason,  V.  Bir- 
minghamy  Aldrich,  T.  H.,  Jr.,  Bowron,  C.  E.,  Bowron,  J.,  DavU,  F.  H.,  Dimmick, 
F.  D.,  Hillman,  Ludwig,  C.  P.,  McCarthy,  M.  E.,  McCormack,  G.  B.,  McCrery, 
Bamsaj.E.,  8hook,  A.  M.  Bndey,  McDonald,  S.,  Shook,  J.  W.  Gadfden,  Lee, 
R.  H.,  Jr.  Owinis  Quarry,  Hiller,  £.  Hdena,  Sqaire,  J.  HufUsvilUj  Moss.  Le- 
highj  Toulmin.  Oxmoor,  Greenamjer,  A.  G.  Bock  Bun^  GaryiD,  J.  M.  Sdma^ 
Baylor,  K  F.  A.  Sheffdd,  Miller,  D.  L  TuacalooBa,  Lodge,  J.  Woodward^  Wood- 
ward, A.  H. 

ALASKA. 

CoppermoutU,  Wis  well,  H.  J.  Dougkis  Idcmd^  Maodonald,  J.  EUamar,  Stevens, 
'  B.  Fairbanks,  Hamilton,  A.  L.  Haines,  Le  Wald,  E.  A.  Jtudin,  Hoggatt,  W.  B. 
Juneau,  Denby,  Hampton,  W.  H.,  Thane,  B.  L.,  Whipple,  J.  R  Ketchikan,  Bar- 
ber, J.  C,  Parker,  J.  L.,  Reid,  G.  D.  Ncme,  Garfield,  C.  D.  /S^iettisAom,  Tiadale. 
Teller,  Hirshberg,  M.  R  TreadweU  OUy,  Kinrie,  Stow,  H.  P.  Valdet,  Esterly,  G. 
M.,  Hazelet. 

ARIZONA. 

Basin,  Carpenter,  L.  B.  Bisbee,  Douglas,  W.,  Fricke,  J.  H. ,  Hoatson,  Pamall,  8. 
A.,  Pelton,  R  T.,  Rieketts,  L.  D.,  Sherman,  G.  F.  G.,  Smith,  F.  W.,  Smith,  H. 
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H.  G.  Mayer,  TreadweU,  £.  D.  Morenei,  Carmichael,  Clark,  C.  D.,  Honeyman, 
Mills,  C.  E.,  Wallace,  L.  R  Naco,  Woodward,  W.  M.  H.  Nogales,  Glore,  H.  G., 
Henley,  Merwin,  R  W.,  Sandoval,  A.,  Sandoval,  P.  Paradise,  Hoar.  PaiagonicL, 
Lincoln,  F.  C,  Prout,  J.  W.,  Jr.,  Richmond,  A.  B.  Phoenix,  Armstrong,  T., 
Defty.  PreseoU,  Blauvelt,  H.,  Bunker,  C.  R,  Claypool,  W.  M.,  Drescher,  F.  M., 
Fairbank,  Haggott,  R  A.,  Lengle,  R  F.,  Mason,  R  T.,  Stevens,  H.  W.,  WUson, 
R  J.  TombsUme,  Gage,  E.  B.,  Staunton,  Walker,  R  W.  Tucson,  Blake,  W.  P., 
Burgess,  De  Lashmutt,  McQeary,!  Mann,  J.  8.  Vai  Verde,  Weichsel,  O.  M. 
Vvman,  Bretherton,  G.  E.    Wendeldale,  Smith,  F.  C. 

ARB^ANSAS. 

FayeUeviUe,  Purdue.  Liiile  Bock,  Fordyce.  Midland,  Denman,  H.  MillvUU, 
Glassbrook,  C.  I.     Perrysmith,  Smith,  S.  R. 

CALIFORNIA. 

Alameda,  Arents.  Amador  Qity,  Downs,  C.  R,  Tregloan.  Angeles  Oamp,  Diggles, 
R  N.,  Kennedy,  C.  E.  Andoch,  Belshaw.  Barstwo,  Miller,  C.  W.  Berkdey,  Abadie, 
Butters,  Chrbty,  Dozier,  Frazier,  W.  T.,  Hall,  F.  F.,  Haseltine,  R  S.,  Hersam, 
Landfield,  Lindsay,  L.,  Mansfield,  N.  T.,  Morley,  W.  a,  Sharwood,  W.  J.     Big 
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OarUrOf  Hollister.  Cbrter«,  Partz,  J.  L.  CAteo,  Taylor,  J.  J.  Oopperopolis,  Baird, 
D.,  Boss,  Q.  McM.  OoyoUf  Haehl,  H.  L.  EneinUaa,  Wauchope,  J.  A.  Fruitvalef 
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Hobson,  B,  Hedley,  B.  C,  Brown,  A.  H.,  Piokaid,  T.  D.,  Bodgers,  M.  K  Hmae 
J8ound,  B.  a,  Young,  F.  R  Kamkxyps,  B.  C,  Argall,  J.  Koala,  B.  C,  Alexander, 
H.  B.,  Zwickj,  W.  E.  Ztnpsfcm,  OnL,  Brook,  R  W.,  Dickson,  C.  W.,  Gwillim, 
Kirkpatrick,  S.  F.  LadymnHh,  B,  C,  Kiddie.  Madoe,  Ont.,  Bising,  A.  F.  Midland, 
Ont»,  Drammond,  J.  J.  Moninal,  Qii«. ,  Brown,  W.  C,  Garry,  H.  K  C,  Dmmmond, 
G.  £.,  Drammond,  T.  J.,  Hardman,  Harrington,  Porter,  J.  B.,  Stansfield,  A. 
Jtfbyie,  B.  C,  BieseL  Nairn  OaUre,  OnL,  Beyell,  G.  E.  NeUon,  B.  O.,  Fowler, 
S.  &,  Graoej,  Harris,  H. ,  Hanltain,  Hedlej.  Hftagara  Falls,  OnL,  Value.  Ottawa, 
OnL,  Bell,  B.,  Shirley,  F.  S.  Paint  ElUoe,  B.  0^  Grant,  G.  H.  Port  Arthur,  OnL, 
Flaherty,  Jones,  R  B  Bat  Portage,  OnL,  Hay,  A.  M.,  Toung,  Wm.  Beoekiohe, 
B.  a,  Haggen.  Bo$Aand,  B.  a,  Astley,  J.  W.,  Claudet,  H.  H.,  Cole,  A.  A., 
Laraon,  A.  G.,  Beid,  J.  A.,  Stewart,  R  H.  SauU  SU.  Marie,  Ont.,  Sjostedt, 
Sweetser,  R  H.,  Willmott  Stanley,  B.  C,  Bailey,  M.  Sudlmry,  Ont,,  Leckie, 
RG.K  Stfdeniam,OnL,Mo^axighton,Q.W.  Three  Forks,  B,  a,  Ahier,  Toronto, 
Ont,,  Coste,  Gibson,  T.  W.,  Kirkpatrick,  G.  H.,  Miller,  W.  G.,  Sulliyan,  A., 
Wells,  J.  W.  TMl,  B.  a,  Aldridge,  Guernsey,  F.  W.  Fonoouuer,  B  C,  Brom- 
ley, A.  H.,  Findlay,  Livingston,  Mnsgrave,  R  C,  Warren.  Vietoria,  B.  C,  Bod- 
well,  Brewer,  W.  M.,  Croft,  Gore,  T.  S.,  McCallum,  A.  C,  Bobertson,  W.  F., 
Sutton.      Ymir,  B.  a,  Bamhart,  G.  H.,  Cosby,  F.  N. 

NEWFOUNDLAND. 
BeU  Island,  Grammer,  W.  S. 

NOVA  SCOTIA. 

BridgeuxUer,  Badger,  H.  a.  Brown,  R  P.  Brooifield  Mines,  Libbey,  W.  L.  Ghee 
Bay,  0.  B.,  Duggan,  G.  H.,  Bevere.  Halifaz,  Archibald,  C,  Gue,  Woodman,  J. 
E,  Mdrooe,  Forsman,  S.  W.  New  Glasgow,  Chambers,  R  R,  Matheson.  Syd- 
ney, a  B.,  Fraser,  Jennison.  Truro,  Archibald,  3i.  West  Gore,  Fulton,  T.  T. 
WeOmlle,  Fergie,  Bobinson,  A.  H.  A. 

YUKON  TEBBITOBY. 
Dawson,  Buck,  R.,  Elmer,  J.  M.,  Tyrrell,  J.  B.,  Varid^,  J.  A. 

MEXICO. 

Aguasealienies,  Austin,  T.  S.,  Brady,  L.  H.,  Brendel,  CoUey,  K  T.,  Creveling, 
Daniel,  J.  M.,  Hamilton,  W.  J.,  Morae,  W.  S.,  Simpson,  H.  R,  Wardman.  Ahor- 
eado,  Brennon,  Newoomb,  C.  S.,  Bogers,  W,  C.  Ameoameea,  Holt,  C.  Ariape, 
Cromwell.  JsteiUoe,  Cook,  R  H.,  Doerr,  A.,  McMahan,  C.  H.  Aurora,  Hatchett, 
R  H.,  Kayser.  Avino,  Palmer,  W.  J.  A.  Ba^a,  Shanks,  D.  W.  Bacoachi,  Coombs, 
Franck,  R  P.  Batopilas,  Bradshaw,  Tod,  S.  Bonanaa,  Gemmell,  Thomas,  M.  L. 
OWaftociMaa,  Wynne.  Oananea,  Casey,  J.  P.,  Cole,  D.,  Dwight,  A.  S.,  Fitzsim- 
mons,  F.  J.,  Guess,  G.  A.,  Laird,  May,  L.,  Morrow,  J.  T.,  Norton,  B.  N.,  Steele, 
T. R,  Tellam,  A., Wolfe,  R  L.  Oarho,  Sayles,  A.  W.  Oaywsa de  Catalan,  Davis, C.  S. 
Cherokee  Jemo]^,  H.  J.  Chihuahua,  Arlett,  Brodie,W.  M.,  Dockery,  Eveleth,  Jacobs, 
G.  B.,  Lawrence,  S.,  Levings,  G.V.  R  CkHpancvngo,  Noon,E.R  Ci^tntpoa,  Oznam. 
Coapa,  Taggart,  G.  K.  Cbcorit,  Magnuson,  M.  G.  Colima,  Showers,  C.  H.  Coneepcion 
dd  Oro,  Browning,  Cooper,  J.,  Draper,  F.  W.,  Grave,  P.  Coneheno,  Hutchinson, 
R  B.    Culioan,  Bhodes,  W.  B.   Dolores,  Ashton.   Durango,  Norris,  F.  L.,  Schlemm, 
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Viggers,  Witherbee,  J.  G.,  Witherbee,  T.  F.  El  Oaumen,  Leer.  J^Mo,  Smith, 
£.  P.  ElOro,  Allan,  T.  A.,  Oaetani,  Main,  Bajmond,  B.  M.,  Rhodes,  C  £., 
Sandif er,  H.  C,  Stewart,  J.  B. ,  West,  H.  R  EtbreUa,  Aguilar .  ElaaUan,  Howard, 
J.  H.,  Selbj,  T.  H.  FrcBmllo,  Sproat,  A.  D.  FueniSy  Lengle,  R  M.  Guadak^ara, 
Bndiow,  W.  K,  Cockerell,  Gordon,  £,  Ouamaoeoiy  Ambrosiue,  C.  £.,  Cobb,  H. 
McL.,  Duffos,  Hart,  C.  B.  Quan^uato,  Bryant,  G.  W.,  Burrows,  B.  H.,  Cnm- 
mings,  W.  N.,  Fumeas,  D.,  Gibson,  d  H.,  Hobson,  F.  J.,  McCord,  W.  H.,  Mao- 
Donald,  K,  MacDonald,  M.  E.,  Murphy,  T.  D.,  Thomas,  D.  B.,  Van  Law,  a  W. 
Ouatimapif  Davis,  A.  R  HermosiUo,  Light,  Moses.  Iri^tM,  Bell,  J.  W.  Letlany 
Bivera,  L.,  Yeandle,  W.  H.,  Jr.  Jminesi,  Ehrich,  W.  L.,  Stahlknecht,  R  H. 
La  Colorado^  Mueller,  H.  C.    La  Paz,  Fletcher,  L.  F.     Lom  E9perama8,  Jonesy 

E.  B.,  Ludlow,  R  Linaretf  Self.  Llano,  Austin,  A.  M.  Magdalefui,  Baum- 
garten,  Fitch,  F.,  Pearoe,  S.  H.  Jfopimi,  ELamilton,  F.  GL,  Hauber,  Heberlein, 
Biedt,  Small,  H.  B.  MaUhuala,  Dingwall.,  Waters,  A.  L.  MerdMLj  Ambrosius, 
J.  R  Mexico  OUy,  Aldasoro,  Anderson,  R  H.,  Arozarena,  Boyd,  F.  J.,  Braschi, 
Briggs,  B.  E.,  Brown,  W.  F.,  Carpenter,  A.  R,  Cheyrillon,  Chippendale,  CoUins, 
H.  F.,  Die£Fenbach,  Du  Bois,  R,  Espinosa,  Fisher,  L.  F.,  Garcia,  Graham,  W.  W., 
Graves,  McD.,  Helm,  Hochschild,  Kleinschmidt,  Lukis,  McCann,  McGrath,  J., 
Ordonez,  Parker,  C.  F.,  Phillips,  J.  L.,  Byder,  Sellevier,  a,  Smit,  R,  Smith,  R 
A.,  Spence,  G.,  Stadelmann,  G.,  Truaz,  S.  MifUioa,  Hardy,  J.  G.,  Willey,  H.  L 
Mmas  Nuevasy  Grave,  R  Monclovaf  Buck,  A.  H.  Monterey ,  Brewer,  A.  K, 
Bridge,  Camahan,  J.  S.,  Fairchild,  S.  A.,  Hernandez,  Howe,  E.,  Jewett,  E.  C, 
Knight,  £.  C,  Maiz,  J.,  Palacios,  Bamos,  Bandall,  H.  B.  S.,  Tamava,  Tuschka, 
Wilson,  N.  R,  Zambrano.  NadadoreSy  Fuente.  NogaleSj  Bonillas.  Oozoca, 
Adams,  H.,  Brill,  (-larK,  M.,  McCurdy,  J.  R,  Watts,  W.  L.,  Woolrich,  A.  H. 
OcampOf  Flynn,  Hackett,  Leese,  Thompson,  W.  Oeotlanf  Hamilton,  C.  A.  Qjuda^ 
McLintock,  A.,  Weniger,  R,  Whitaker,  O.  B.  Orwaki,  Stacpoole,  S.  W.  OUo, 
Piatt,  R  H.  Paehuea,  Alatorre,  R  F.,  Girault,  Grothe,  Landero,  Solomon,  T., 
Waters,  S.  Papantla,  Payne,  A  C.  Parraly  Bradley,  D.  H.,  Burr,  Garcia,  R, 
Hyslop,  J.  R,  Keller,  C.  H.,  Levings,  G.  V.  B.,  Long,  J.  I.,  MacFarlane,  R  W., 
Robertson,  P.  W.  K.,  Simpson,  G.  C,  Wilding,  J.,  Jr.  Peregrinoy  Byan,  R  P. 
Pinos  AUos,  Swain,  S.  R,  Thomson,  R  Promonlorio,  Wilson,  G.  Pueblo  Nuevo^ 
Adams,  W.  C.  Qmmiehiiy  Gomez,  P.  i2amo8,  Sistermans,  F.  H.  Rodeo,  Kedzie. 
Sahnaya4!any  Hackett,  W.  H.  SaltiUoy  Liliendahl,  Bodriguez.  San  Demos,  Gage, 
R  C,  Kirk,  B.  C,  Bawlings.  -Son  Fernando,  Sanders,  J.,  Smith,  C.  A  San 
Felipe,  de  Billy.  San  JoU,  Bume,  C.  A.  San  JoU  de  Qracia,  Tays,  R  A.  H. 
San  Luis  Potosi,  Alexander,  W.  C,  Brown,  D.  C,  Budrow,  L.  R,  Cuevas,  Dixon, 
A.  G.,  Holt,  T.,  Hopkins,  E.,   Ipina,   Koelle,   Martinez,   Sistermans,   Taylor, 

F.  W.  San  Miqud  del  Mezquital,  Williams,  D.  V.  A  San  Nieolos  del  Oro,  Mil- 
ler,  J.  W.  Sania  Barbara^  Ayton,  E.  F.,  Emeiy,  Bose,  H.,  Swanquist,  G.  A. 
Santa  Rosaiia,  Bohn,  C.  A.  Santa  Rosalia  Oamaigo,  Soest,  W.  E.  Sarie,  Wallace^ 
H.  V.  Sierra  Mojada,  Hagemann.  Sultepec,  Vivian,  G.  G.  Talea,  Jeffrey.  Te- 
oalitlan,  Stewart,  A.  J.  Teniosaehic,  McLaughlin,  H.  M.,  Webster,  E.  H.  Tepe- 
huanes,  Merton.  TedvUan,  Baymond,  P.  A.  TUdpujakxia,  Schiertz,  F.  A.  Topia, 
Lawrence,  T.  J.  Torreony  Garza- Aldape,  Hambleton,  Harms,  Polkinhom,  R  J. 
Torres,  Bassett,  T.  B.,  Kline,  Leslie,  R  B.,  McCarty,  G.  J.,  Pomeroy,  W.  R 
IWun/b,  MacDonald,  J.  J.,  Nahl,  A.  C.  TuUenango,  Allan,  T.  A.  Ures,  Wend- 
ler.H.  Urique,  Nesbitt.  Foeos,  Longmaid.  Fefcmidto,  Drury,  W.  M.,  Bone,  L. 
A,  StuU,  J.  W.  VUlaldama,  Foster,  F.  J.,  Bobertson,  J.  D.  Zaeateeas,  Coxe, 
C.  E.,  Gmelin,  R,  Bagaz,  L,  Bickard,  H. 
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CENTRAL  AMEBIGA. 

Costa  Rica,  MiHmar,  Mann,  W.  S.  Puntareruu,  Crespi,  Yonge.  HondnraSy 
Bcdite,  Burchell.  San  JuaneirUOt  Montis,  de  £.,  Nagel,  F.  J.  Weddle.  Nioaracrna, 
Blu^dds,  Stanford,  R  B.  Panama,  ckty  of  Panama,  Hull,  G.  San  Salrador, 
Santa  Bosa,  Wells,  F.  B. 

CUBA. 

Daiqwrt,  Holmes,  E.  M.,  Pfeifler,  Sloat,  F.,  Whitaker,  DeB.  Matamas,  Pol- 
ledo.  Santiago  de  (Ma,  Aguilen,  Chibaa,  R  J.,  Chibaa,  L.  F.,  Ooz,  J.  &,  Jr., 
Emenon,  MiUer,  £.  T.,  Yung. 

DUTCH  WEST  INDIES. 
Aruda  Island,  Woolmer,  H.  C.  T. 

SOUTH  AMERICA. 

Argentine  RepnbllCy  Villa  Mercedes,  Boggs.  Bollyla,  La  Pom,  Armas,  Ger- 
mann,  Sinn.  Potosi,  Maorice.  Braril,  Bahia^  Nack,  C.  Minas  Chraes,  Chalmers,  G. , 
Lnstosa,  Miller,  J.,  Pires,  Rickard,  A.  J.  Bio  de  Janeiro,  Lisboa,  Miranda,  J.  Bio 
GrafMie<2oiSHScheffler,  F.  G.  ^Soo  PbiiZo,  Derby,  O.  A.  British  Gniana,  Geof^e- 
Unm,  Bradley,  R.  R.,  Chisholm,  J.,  Linck,  F.  W.  Chill,  Oopiapo,  Feigie,  G., 
Holberton.  Oranerosj  Braden,  W.  Hamilton,  T.  M.,  McCan,  K  K,  Valparaiso, 
Dorion,  Lorain,  MacNutt.  Colombia,  Barranqudlla,  Scott,  C.  C.  A.  Buena  Ven- 
tura, Kirkcaldy.  Oali,  Holman.  Oana,  Veatch.  Honda,  Evans,  H.  A.,  Russell, 
A.  J.  MedeUin,  Posada,  Snover,  G.  R.  Puaio  Berrio,  Tilly,  A.  Qmbdo,  Granger, 
H.  G.  Dutch  Gniana,  Paramaribo,  Mayo.  Ecuador,  OuayaquU,  Chapman,  J.  E., 
Eraser,  J.  H.,  Stayer,  Van  leschot,  Williams,  R.  B.  Pern,  Agrequipa,  Fox,  A.  J. 
Oarro  de  Paseo,  Abbott,  A.  A.,  Emlaw,  H.  S.,  Kuehn,  Murray,  H.  T.,  Neel,  C.  B., 
Sample,  C  C.  Lima,  Adams,  G.  L,  Balta,  Bennet,  T.  A.,  Elguera,  Figari,  Fachs, 
Letts,  Reed,  D.  C.     Tirapata,  Dougherty,  E.  S. 

ENGLAND. 

Abergavenny,  Martin,  R  P.  Bedford,  Barber,  G.  M.  Birmingham,  Fergusson, 
H.  B.,  Redmayne.  Bhck  Pool,  Settle,  J.  B.  Bowmemouih,  Waugh.  BrauingUm, 
Breakell.  BrislingUm,  Pridham,  H.  Bulcoie,  Goddard.  Oambame,  Rich,  W., 
Vivian,  G.  T.  Oarli^,  Bailey,  R  T.  Chapdtaum,  Bumham,  M.  H.  Ckerteey, 
Dudgeon.  Oheslerfidd,  Pilkington.  Chiswick,  Hooker,  B.  Dartoen,  Holgate.  Dud- 
ley, Hughes,  H.  W.  Headingley,  Pullon.  Hexham,  Wrightson,  W.  L  Ipstones, 
Boucher.  Lioerpool,  Hanckel,  Pearson,  J.  R  London,  Addie,  R,  Alabester, 
Atherton,  T.  W.  T.,  Attwood,  Austin,  K.,  Bamett,  W.  J.,  Barney,  Bayliss,  Ben- 
son, Bird,  R.  M.,  Bon  wick,  E.  W.,  Boome,  Borrow,  F.  E.,  Botsford,  Broad, 
Browne,  R  R,  Carr,  P.  R  O.,  Carroll,  Cautley,  A.  O.,  Chaplin,  G.  P.,  Charle- 
ton,  Chester,  Claudet,  A.  C,  Cooke,  L.  H.,  Crane,  G.  A.,  Currie,  D.,  Dane, 
Davy,  Dawson,  T.  L.,  Ellis,  R.  W.,  Fairbairn,  Fawcett,  J.  H.,  Feldtmann, 
Fell,  Finch,  H.  W.,  Foster,  P.  L.,  Francis,  G.  G.,  Frecheville,  R.  J.,  Freche- 
ville,  W.,  Gilchrist,  P.  C,  Gordon,  J.,  Griffin,  H.  M.,  Griffiths,  A.  P.,  Grif- 
fiths,  J.  N.,  Halse,  Henderson,  J.  A.  L.,  Heneage,  Hinman,  Hooper,  R, 
Hoover,  H.  C,  Hughes,  A.  D.,  Irvine,  James,  A.,  James,  J.  H.  Cl,  Janin,  H., 
Jones,  C.  H.,  Johnson,  R  R,  Johnston,  R.  B.,  Kennedy,  N.,  Kingston,  C.  B., 
Lawson,  J.  C.  R,  Leckie,  R  G.,  Leggett,  Little,  A.,  Llewellyn,  Lloyd,  G.  H., 
Louis,  D.  A.,  Lund,  MaoArthur,  J.  S.,  Marriott,  H.  F.,  McCarthy,  R  T.,  Mo- 
Dermott,  McDonald,  J.  A.,  McKillop,  MacKinnon,  Maitland,  G.  C.,  Means,  J. 
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H.,  MerrickB,  MorriB,  F.  H.,  NiooliMMi  Palmer,  R.  £.,  Patenon,  K  A.,  Peanall, 
Peane,  A.  L.,  Peile,  Prichard,  W.  A^  Pringle,  B.,  Beiachbach,  Bidge,  H.  M., 
Bolker,  Sahlin,  Samwell,  Sandberg,  Scott,  F.  B.,  Scott,  H.  K.,  Scrutton,  T.  a. 
Seal,  Selkirk,  W.,  Shockley,  W.  H.,  Sleeman,  H.  B.,  Stewart,  A.,  Stoddart,  Tay- 
lor, P.,  Thomae,  Thomas,  W.  B.,  Thompeon,  W.,  Tom,  I,  Toaaeau,  Van  Ness, 
Varden,  Wagner,  H.  B.,  Webb,  H.  H.,  Weinberg,  R  A.,  Western,  C.  B.,  West- 
em,  F.,  Whitworth,  8.,  Wilkinson,  A.,  Wilkinson,  W.  F.,  Williams,  F.,  Willis, 
A.  B.,  Wingate,  Wood,  B.  A.,  Yorke,  Young,  J.  W.,  Yoong,  J.  W.  B.  Merion 
FturJi,  Tumey.  Middletboro-^M-Tta^  Hawdon.  MiidMwrmngh,  Bell,  C.  L.,  Stead, 
Talbot,  B.  Newark  on  Trenty  Morris,  J.  Newoaatle  on  I^ie,  Loais,  H.  Newqwty, 
Qemes.  NorlhaUerton,  Brown,  D.  P.  Ongar,  Fielding,  C.  W.  JPorUymdn, 
Bullen,  J.  Port  Clarence,  Johnson,  W.  L.  Bedtuth,  Dabb,  C.  K,  Provia.  Bother- 
ham,  Steel.H.  Seaham  Harbour,  Wood,  ILB,  SL  AusUU,  ^odigt,  A.  St.LeoMnPa 
on  Sea,  Cragoe.  Sh^fidd,  Hadfield,  Hardwick.  Shillingetone,  Forbes,  D.  G.  South 
KenemgUm,  Hunter,  Jones,  0.  Surbiion,  Barnado,  W.  S.  Taoistoek,  Daw.  Tolnee, 
Chenhall.    Waybridge,  Pettit,  A.  R    West  HarOepool,  Thomlinson. 

IBELAND. 
AUikUa,  Harris,  H.  J.    DMin,  PoUok. 

SCOTLAND. 

Edinburgh,  Balfour,  J.  F.,  Simpson,  J.  C.  Glasgow,  Caldwell,  W.  A.,  Crooks- 
ton,  Dempster,  McConnell,  Sawers.  Leven,  Barker,  H.  A.  Neuek,  Murdoch,  J. 
V.  B     Tranent,  Burt  A. 

WALES. 

Aberdare,  Lewis,  W.  T.  Brymbo,  HoUings.  Oard^,  Blown,  T.  F.,  Beese. 
Portmadoe,  Andrewes.    Swansea,  Hopkins,  G.  V.  * 

AUSTBIA. 
Leoben,  Hoefer,  H. 

BELGIUM. 

Antwerp,  Zintgrafif.    Louvain,  Deken,  A.  De. 

BOHEMIA. 
Zwestow  WoUitz,  Wallis,  H.  B. 

FBANCR 
Orthes,  Frossard.     Paris,  Amaud,  Batz,  Bel,  le.  Bret,  Cardoso,  Chambost,  P., 
Collin,  Delrez,  Eissler,  Fevre,  Garfield,  A.  S.,  Gknnes,  Hubert,  Knoertzer,  Le 
Chatelier,  Ledouz,  F.  A.,  Levat,  Osmond,  Pelatan,  P.,  Pourcel,  Powel,  G.  H., 
Bichards,  R,  Biviere,  G.,  Bobellao,  Strap,  G.,  Wurgler.    Pau,  GoupiUi^re. 

GEBMANY. 
Aachen,  Borchers,  Schwemann,  A.,  Wust,  F.  AUenessen,  Krabler.  Apolda,  Hahn. 
Berlin,  Martin,  A.  A.,  Wedding,  Wolff.  Bleicherode  a  Hart,  Vogelsang.  Boehmi, 
Heise.  Ooilena,  Oswald.  Dassddorf,  Pftuli,  H. ,  Schroedter.  EsMn  am  Buhr,  Engel. 
Fra/nl^urt,  DeKeufville,  Djckerhoff,  Kaumann.  Freiberg,  Schiffner,  C  Qiessen, 
Schiechel.  C^ottlAom,  Stabler.  Hariz,  Doeltz.  Hayingen,  WendeL  Luxembowrg, 
Bettendorf.  Mains,  Heberlein,  M.  Neumuhl,  Grillo.  Bemscheid,  Mannesmann. 
Siegen,  Maoco.  SiOterhutte,  Havard.  StuUgari,  Hnndeshagen.  VoUeingen,  Boch- 
ling,  H.     Wiesbaden,  Maasenea. 
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ITALY. 
Boteheggianoy  Marengo,  P.     Cfroneto,  Cerrina-FeronL    Leeeo,  Bedaelli,  P.    Pic- 
difMdere,  Bordeaux.    PortoferredOf  Gleim,  F.     Porto  Fertc^o^  Henoin.     SoaxmOy 
Fera,  C. 

NORWAY. 
Fmrnwrhai^  Ashmoie,  £.  P. 

PORTUGAL. 
Mertola,  Wilbraham.    San  DamngoB,  Camphais,  G.  A.,  Fane,  H.  W. 

RUSSIA. 
Baht,  FegraeuB.    Mowjw^  Jabe.    /St  PtUinhurg^  Mltinaky,  TBchemofl.     BaJUmm, 
Souik  Bumo,  Van  liew,  W.  R. 

SPAIN. 
Oiearei,  Ashmore,  G.  P.    Cerro  Muriano^  Collins,  H.  S.     JDinarM,  Power,  I.  M., 
Tonkin,  J.  J.,  Woakes.    Madrid,  Allan,  J.  F.     MoiMiUa  de  la  Sierra,  Maurice. 
Minas  de  Rio  TifUo,  Carljle,  Geoghegan,  R.  H. 

SWEDEN. 

Bqfortf  Wykander,  R  £.  Faluny  Wallin,  G.  Karrgrvfi/m,  Granttrom.  JTtrtiiia, 
Lundbohm.  Sandvikeny  Goraaeson.  SuMiolm^  Akerman,  Berg,  Bildt,  Brinnell, 
Carlnon,  H.,  Peterason,  G.  W.,  SjSgren,  H.  Skiberg,  Larson,  A.,  Larason. 
ITeslartiik,  Tillberg. 

SWITZERLAND. 
Ba9elf  Timm,  J.  M.      Olarma,  EBCher,  F.     GmevcLy  Stoutz.    Looamo,  Pedrac- 
aioi.    Mannedorf,  Huber. 

TURKEY. 
Qmttantinople,  Whittall. 

ASIA. 

China,  Pekingy  Ewang  Kwong  Yung,  Willis,  B.  Shanghai,  C!o1e,  F.  L.,  Jadot, 
J.,  Kow.  IteiKfm,  Drake,  N.  F.,  Jessap,  A.  R  Tong  Shan,  Woo.  Datoh  East 
IndleBy  Baiama,  SchmiedelL  Saaranpaky  Young,  H.  S.  India,  Bangalore,  Smeeth^ 
W.  F.  Bengal,  Agabeg.  Bombay,  Weld.  OaleuUa,  Doyle,  P.  Champum  Berf, 
Cooke,  H.  M.  A.,  Jolly.  Ooromandel,  Osbom,  H.  H.  Ik^y  Bannon,  H.  C. 
Kamptee,  Sanders,  A.  D.  Mandalay,  Freymutb.  Marihippam,  Leslie,  Pritchaid. 
Oorgaum,  Cosens,  Patterson,  G.  A.,  Ricbards,  T.,  Sndth,  P.  B.  Japan,  CSiiln^go, 
Kuroda,  Takagi,  K.  Hagi,  Tsnno.  Kahogori,  Kawai,  Y.  Kamaiahiy  Yokoyama, 
C.  Kaisunogun,  Takeda,  K.  Kobe,  Taylor,  A.  W.  Kyoto,  Abe.  Sa^pporo,  Oshima. 
Shidguoka  Oitg,  Nishio.  Tajimorlfokmi,  lioka.  Tokio,  Adacbi,  Dan,  Kada,  Kondo, 
McGregor,  J.  M.,  Makita,  Sakikawa,  Yamanncbi.  Yawata,  Imaizumi,  K.  Yohh 
homo,  Benneville,  Williamson,  H.  D.  Yviehigun,  Kanda.  Korea.  Chemulpo,  Mills, 
R  W.  Odnam^y  Kaeding.  Owendoline,  Holloway,  W.  &  Seoul,  Collbran, 
WeigaU,A.R.  Persia,  uIAiom,  Reynolds,  G.  B.  Siam,  Sm^ora,  Heal.  Siberia, 
Akmolinik,  Agaewy  F.  V.,  Musseu,  H.  W.  Vladivoetock,  Kousnetsoff.  Straits 
Settlements,  Qopeng,  Parak,  Thomson,  R  D.  H.  Ipoh,  Perak,  Osborne,  F.  D. 
I^ngapore,  Deverell,  L.  C,  Marriner,  J.  T.,  Morris,  J.  F.,  Pearoe,  R.  F.,  Simons, 
A.  J.     Tofi^img  Malim,  Proust,  R. 

AFRICA. 

Cape  Coleny,  (Sfphegal,  Blandy,  &  H.  K  Central  AMca,  Swdm,  Winmili,  H. 
Egypt,  Cb^,  Stewart,  P.  C  A.    South  AMta,  JTtmftsr^,  Dickinson,  H.  T., 
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Nichol,  W.  Williams,  A.  F.  Matabeleluid,  Francistown,  Temby,  £.  T.  Natal, 
Vryheid,  Netter,  A.  J.  Orange  BiTer  Golony,  J<iger^oniain,  Early.  VredepoH, 
Lawrence,  H.  L.  Bhodesiaf  Bulawayoj  Chalmers,  J.  A.,  Carrie,  Dorant,  Garth- 
waite,  Jones,  H.  K,  Ludlow,  L.,  Parker,  J.  £.,  Pringle,  H.  A.,  Whitmore. 
OtUong,  Chennells.  SdukwCj  Little,  J.  B.  TranSTaal,  ^enoiu.  Way.  Beerlaagtej 
Stanley,  J.  CUndand,  Hancock,  S.,  Murray,  F.  D.  Eoui  Rimd,  Berry,  J.  F.,  Hell- 
man,  Horst,  Mathews,  F.  W.,  Nis,  Stephens,  F.  B.,  Vaux,  C  A.,  Wilson,  N. 
Eurtka,  Metcalf,  A.  T.,  Stacpoole,  A.  R.  Florida,  Stockett,  A.  OermUUm, 
Cameron,  Gazzam,  Beading,  K.  W.  Johannesburg,  Behr,  Brett,  A.  J.,  Britten, 
Bottomley,  Bradford,  W.,  Bruce,  T.  C,  Bushell,  B.  D.,  Caldecott,  Calderwood, 
Carter,  R  P.,  Carter,  T.  L.,  Catlin,  B.  M.,  Cohen,  K  H.  A.,  CoUings,  Collins, 
W.  J.,  Denny,  G.  A.,  Denny,  H.  S.,  Drake,  F.  M.,  Ekberg,  Frames,  M.  E., 
Gordon,  W.  D.,  Grey,  Griffiths,  H.  D.,  Hatch,  Hebbard,  A.,  Henderson,  J.  McC, 
Honnold,  W.  L.,  Hughes,  H.,  Ligram,  H.  £.,  Jennings,  S.  J.,  Johns,  J.  H., 
Johns,  T.  £.,  Eehler,  Enecht,  Lawn,  Lee,  M.  P.,  Mason,  J.  G.,  Mein,  W.  W., 
Park,  W.  K,  Payne,  H.  G.,  Becknagel,  Bobeson,  Busden,  A.  G.,  Short,  Stark, 
Symons,  Teale,  Temby,  Thomson,  iS.  C.  Townsend,  H.  P.,  Voskule,  G.  A.,  War- 
riner,  B.  C,  Wheler,  A.  S.,  Wilkinson,  D.,  Williams,  J.  R,  Wulff.  Knights, 
Hay,  H.,  Prout  Womble,  L.  A.  Krugersdorp,  jytLYiB  C  R,  Stront  £.  A,  Luir 
pards  Vlei,  Carter,  T.  L.  Mariaaburg,  Lewis,  F.  B.  Pilgrim^s  Best,  BtO¥m,  W. 
S.,  Neale,  A.  L.  P&teh^stromn,  Judge,  A.  T.  Pretoria,  Andrew,  T.  Boodeport, 
Piddington,  F.  L.,  Skinner,  H.  R  Springs,  Sharwood,  W.  S.  Wolnehoek,  Park, 
M.  West  Africa,  ^yeinm,  Young,  J.  8.  Dunkwa,  Dixon,  J.  T.  Sehondi,  Cosby, 
R  P.     Tarkwa,  Bensusan. 

AUSTRALIA. 

New  South  WaleS)  Boppy  Mountain,  Williamson,  W.  D.  Broken  Hill,  Cun- 
ningham, J.  C,  Delprat,  Gregson,  Godfrey,  J.  R,  Hebbard,  J.,  Horwood,  Lind- 
say, J.  A.  M.,  Low,  Palmer,  T.  H.,  Sweet,  T.  G.,  Wainwright,  W.  E.,  Weir,  G. 
Burraga,  Corbould,  Dyson,  T.  I.  Cadia,  Brook,  H.  R  C.  Oobar,  Gould,  H.  J., 
Polkinghome,  J.  Oockle  Oreek,  Morse,  P.  S.,  Moulden.  Dapto,  Burrows,  C.  W. 
Forbes,  Dunstan,  A.  J.,  Stephen,  A.  £.  LUhgow,  Blakemore,  G.  H.,  Longworth, 
W.  Miisons  Point,  Bobertson,  J.  R  M.  Neroigunoah,  Warn,  J.  K  NundU^ 
Crichtou.  Nyamagee,  Taylor,  J.  Salisbury,  Bloomfield,  A.  L.  ShutUdon,  Arm- 
strong. J.  O.  Sydney,  Freeman,  A.  W.,  Helms,  Howell,  J.,  Jarman,  Lem- 
priere,  O.  T.,  Mingaye,  Orr,  A.,  Paul,  F.  P.,  Power,  F.  D.,  Bead,  R,  Scheidel, 
Shallcross,  V.  F.,  Smith,  G  ,  Taylor,  A.  J.  Tent  HiU,  Beid,  J.  H.  Woolwich,  Mac- 
kenzie, G.  S.  North  Australia^  PoH  Darvin,  Grace,  W.  F.,  Wilson,  C.  H. 
^{aeenslaildy  Charters  Towers,  MacLeod,  W.  A.,  Poole,  W.,  Bussell,  M.  CkiUa- 
goe,  Gibb,  A.,  Green  way,  Mainwaring,  Moule,  J.  W.  Georgetown,  Maxwell,  W. 
Irvinbank,  Moffat,  J.  Mount  Ocmet,  Valentine,  C.  F.  Mount  Morgan,  Du  Faur, 
Bichard,  G  A.,  Scale,  H.  P.,  Wentworth,  White,  N.  F.,  Wilson,  J.  B.  Baeens- 
wood,  Pliillpotts,  W.  M.  Stannary  Hills,  Gipps,  F.  de  V.,  Baleigh,  J.  R 
J^nthorpe,  Hall,  E.  South  Anstraliay  Adelaide,  Ayers,  Grundy,  K  L,  Hawker, 
Miller,  J.     Chwler,  Fergusson,  J.,  Martin,  J.  F.,  Pearson,  J.  F.,  Wesley,  J.  A. 

B.  Moonta  Mines,  Hancock,  H.  L.  Port  Pirie,  Jobeon,  Poage.  Tictorla,  Bal^ 
karat,  Dawbam,  G.  J.,  Smith,  A.  M.  Baringhup,  Granstedt,  F.  H.  OassUis,  Mos- 
ley.  Elstemwick,  Savage,  A.  E.  Maryborough,  DoepeL  Melbowme,  Black,  Brown, 
A.  T.,  Chapman,  C.  W.,  Courtney,  Daly,  Dickenson,  Grayson,  Hartrick,  Herzig, 

C.  S.,  Higgins,  Knox,  W.,  Mackay,  P.  A.,  Nicholas,  Noyes,  H.,  Odling,  Saddler, 
Schlapp,  Wilson,  H.  Tongio,  Avery,  J.  Western  Aastralia,  BomUeoaie,  Lidgey, 
E.     Boulder,  Aarons,  Eraser,  A.,  Hamilton,  R,  Nardin,  E.  W.,  Nicolson,  R  R, 
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Sotherlaod,  J.  W.  Broad  Amw,  Williams,  R  M.  Ooolgardie,  Thomas,  A.  E. 
Chojfa  Flooya  SuoJUm,  WitteDoom,  C.  H.  FreemanOe^  King.  KalgoorUe^  Bigelow, 
D.  R,  aelaod,  R  D.,  Cobbe,  H.  N.  G.,  Edols,  Gibson,  B.,  LoriDg,  Macgeorge^ 
Itoberts,  G.  M.,  Bobertson,  H.  P.,  Bogen,  G.  £.,  Shaip,  W.  G.,  Ward,  O.  B., 
Whitfield,  H.  £.  JToolynM,  Robinson,  B.  Leonora,  Diggles,  J.  A.  MeimeBy. 
Greenaid,  W.  R,  Bayfield.  Mertondaie,  Judd.  MowU  Makolm^  Tomer,  W.  J. 
Ml  Sir  Samud,  Vail,  H.  R  Perth,  Allen,  R,  Montgomeiy,  Simpson,  R  S.» 
Watkins,  A.    Souihem  Oroee,  Watson,  G.  a 

NEW  ZEALAND. 

AuekUmdf  Gordon,  H.  A.,  Bioh,  R  A.,  Bbodes,  0.  Ihmedin,  Allen,  Ja&,  Beal,. 
Park,  J.,  Smith,  J.  P.  HamiUon,  Graham,  K.  M.  Karanffohake,  Stansfield,  H. 
Komata,  Brown,  F.  0.  Lawenee,  Jackson,  J.  H.  Oamartt,  Don.  Tararu,  Powell, 
B.  W.  Wai/d,  Banks,  £.  G.,  Eyered,  N.  J.,  Williams,  R  R  WaUnmeU,  Hos- 
king,  G.  R  0.,  Bosewame,  D.  D.     WeUington,  Bell,  J.  M.,  Seddon,  B.  J. 

TASMANIA. 

Beaeon^M,  Boyd,  T.  M.,  Heathcote,  More,  G.  A.  Derby,  Bell,  a  G.  N.,  Qark, 
L.  a,  aooston.  (?oniktfu(oii,Batohelor,W.T.  ^o5ari(,  Kennedy,  J.,  Smith,  R  N. 
Laumeetton,  Brown,  R  M.,  King,  R  M.,  Millen,  J.  D.,  Bimson,  Thompson,  L.  G., 
Tolloch.  Moonah,  Williams,  L.  Mount  Bead,  Thow.  North  Lydl,  Smith,  G.  O. 
Queendown,  Dean,  A.  L.,  Sticht,  R  G.,  Waller,  G.  A.,  Wesley.  Waralah,  Kayser, 
H.  W.  R  Zeehan,  Briggs,  W.  A.  J.,  Levings,  J.  H.,  Marks,  M.  M.,  Qoartano, 
P.,  Beid,  R  W.,  Sale,  W.  R,  Waller,  B.  R 
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LIST  OF  THE  MEETINGS  OF  THE  INSTITUTE  AND  THEIR  LOCAL- 
ITIES FEOM  ITS  ORGANIZATION  TO  OCTOBER,  1904. 


TmiiBaotioiii. 
'Viimber.  Place.  Date.  Vol.  Page 

L  Wilkes-Barre,  Pa.« May,  1871 i.      3 

n.  Bethlehem,  Pa. Aagost,  1871 i.    10 

IIL  Troy,  N.Y November,  1871 L    IS 

IV.  Philadelphia,  Pa. Febroary,  1872. I    17 

V.  New  York,  N,Y.» May,  1872 L    20 

VL  Pittsburg.  Pa... October,  1872. L    26 

TIL  Boston,  Mass Febraary,  1878 .L    28 

VIIL  PhUadelphia,  Pa.« May,  1878 iL      8 

IX  Easton,  Pa. October,  1878 iL      7 

X  New  York,  N.  Y Febniaiy,  1874. ii-    11 

XL  St  Louis,  Mo.« May,  1874. iii      Z 

Xn.  Haileton,  Pa. ..October,  1874 iii.      8 

XIIL  New  Haven,  Conn.... February,  1876 iiL    16 

XIV.  Dover,  N.  J* May,  1876. iv.      S 

XV.  aeveland,  0 October,  1876 iv.      9 

XVL  Washington,  D.  C. February,  1876 iv.    18 

XVIL  Philadelphia,  Pa.t June,  1876, v.    's 

XVIIL  Philadelphia,  Pa. October,  1876 v.    19 

XIX.  New  York,  N.  Y February,  1877 v.    27 

XX.  WUkes-Barre,  Pa.*. May,  1877 vi.      S 

XXL  Amenia,  N.  Y October,  1877 vL    10 

XXIL  Philadelphia,  Pa. February,  1878 vL    18 

XXin.  Chattanooga,  Tenn.* May,  1878..- vii.      3 

XXIV.  Lake  George,  N.  Y October,  1878 viL  108 

XXV.  Baltimore,  Md.» February,  1879 .viL  217 

XXVI,  Pittsburg,  Pa. May,  1879 viiL      8 

XXVII.  Montreal,  Canada September,  1879 viii.  121 

XXVIIL  New  York,  N.  Y* February,  1880 viii.  276 

XXIX.  Lake  Superior,  Mich August,  1880 ix.      1 

XXX.  Philadelphia,  Pa.*.. February,  1881 ix.  276 

XXXL  Staunton,  Va. May,  1881..... x.      1 

XXXII.  Harrisbuig,  Pa. October,  1881 x,  119 

XXXIIL  Washington,  D.  C* February,  1882. x,  226 

XXXIV.  Denver,  Col August,  1882 xL      1 

XXXV.  Boston,  Mass.*. February,  1883 xL  217 

XXXVI.  Roanoke,  Va. June,  1888 xiL      8 

XXXVIL  Troy,  N.Y October,  1888 xiL  175 

XXXVIIL  Cincinnati,  O.* February,  1884 xii.  447 

XXXIX.  Chicago,  IIL May,  1884. xiu.      1 

XL.  Philadelphia,  Pa September,  1884 xiii.  286 

XLL  New  York,  N.Y.* February,  1886. xiiL  686 

*  Annual  meeting  for  the  election  of  officers.   The  rules  were  amended  at  the  Chattanooga 
meeting,  May,  1878,  changing  the  annual  election  ttom  May  to  Febraary. 
t  Begun  in  May  at  Easton,  Pa.,  for  the  election  of  officers,  and  a<!Uoumed  to  Philadelphia. 
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Tmuaotiona. 

Kninber.            Place.                                           Date.                            VoL  Fige 

XLII.  Chattanooga,  Tenn May,  1885 xiv.  1 

XUII.  Halifax,  N.  a September,  1886 xiv.  807 

XLIV.  Pittsburg,  Pa.* -February,  1886 xiv.  687 

XLV.  Bethlehem,  Pa. May,  1886 « xv.  Ixiii. 

XL VI.  St.  Louis,  Mo October,  1886... xy.  Ixx. 

XLVIL  Scranton,  Pa.* February,  1887 xy.  IxxriL 

XLVIIL  Utah  and  Montana. July,  1887 xvi.  xviL 

XLIX.  Duluth,  Minn July,  1887 xvi.  xxiy. 

L.  Boston,  Mass.*. February,  1888 xvi,  xxviii. 

LI.  Birmingham,  Ala. May,  1888 xvii.  xix. 

LIL  BuflWo,  N.  Y..... October,  1888.. xvii.  xxiv. 

LIIL  New  York,  N.  Y.» February,  1889 xvii.  xxxL 

LIV.  Colorado June,  1889 xviii*  xvii. 

LV.  Ottawa,  Canada. October,  1889 xviii.  xxiv. 

LVI.  Washington,  D.C.* February,  1890 xviii.  xxx. 

LVIL  New  York,  N,  Y September,  1890. xix.  viL 

LVIIL  New  York,  N.  Y.* February,  1891 xix.  xxv. 

UX.  Qeveland,  O.. June,  1891.^ xx.  xvL 

LX.  Glen  Summit,  Pa October,  1891... xx.  IxL 

LXI.  Baltimore,  Md.*......' February,  1892 xxi.  xix. 

LXIL  PUttsburgh,  N.  Y June,  1892 xxi.  xxxiii. 

LXIIL  Beading,  Pa. October,  1892 xxi.  xliv. 

LXIV.  Montreal,  Canada*.. February,  1898.. jcxi.  liL 

LXV.  Chicago,  111 August,  1898 xxii.  xiii. 

LXVL  Virginia  Beach,  Va.*. February,  1894 xxiv.  xviL 

LXVn.  Bridgeport,  Conn October,  1894 xxiv.  xxxv. 

LXVm.  Florida! March,  1895 xxv.  xix. 

LXIX.  Atlanta,  Ga... October,  1896 xxv.  xxxiiL 

LXX.  Pittsburg,  Pa.* February,  1896 xxvi.  xvii 

LXXI.  Colorado September,  1896 j^xvi.  xxix. 

LXXn.  Chicago,  111 February,  1897. xxvii.  xviL 

LXXm.  Lake  Superior July,  1897 xxvii.  xxx. 

LXXrV.  Atlantic  Qty,  N.  J.* February,  1898 xxviii.     xvii 

LXXV.  Buffalo,  N.  Y. October,  1898 xxviiL  xxxvi. 

LXXVI.  New  York  City* February,  1899 xxix.  xviL 

LXXVII.  California September,  1899 xxix.  xlix. 

LXXVIIL  Washington,  D.  C*. February,  1900. xxx.  xix. 

LXXIX.  Canada. August,  1900 xxx.  xiv. 

LXXX.  Bichmond,  Va.* February,  1901 .xxxi.  xix. 

LXXXI.  Mexico November,  1901..xxxi.  and  xxxii.  cxviiL 

LXXXIL  Philadelphia,  Pa.t May,  1902 xxxiii.,  xxi.  and  xxxv. 

LXXXIII.  New  Haven,  Conn October,  1902 xxxiiL  xlviL 

LXXXIV.  Albany,  N.  Y.* February,  1903 xxxiv.  xxiiL 

LXXXV.  New  York,  N.  Y October,  1903 xxxiv.  Ixi. 

LXXXVI.  Atlantic  City,  N.  J.* February,  1904 jexxv.  xxiii. 

LXXXVIL  Lake  Superior. September,  1904 xxxv.  xliL 

LXXXVIIL  Washington,  D.  C May,  1905 xxxvi. 

LXXXIX.  Britiah  Columbia ..July,  1905 xxxvL 

*  ▲nnoal  meeting  for  the  election  of  offloers. 

t  Begun  In  February  at  New  York  City,  for  the  election  of  offieen,  and  adjourned  to  Florida. 

X ••       **       •*        »•    "       "        ••      *•         "         **  to  Philadelphia. 


PUBLICATIONS. 


The  publications  of  the  Institute  comprise : 

Transactions. 

The  volumes  of  T¥<m8acUon8,  which  are  published  annually,  con- 
tain the  list  of  officers,  rules,  etc.,  the  Proceedings,  and  the  papers 
revised  for  final  publication.  (In  this  revision,  after  the  prelimi- 
nary publication,  authors  are  permitted  to  use  the  largest  liberty ; 
and  the  changes  and  additions  made  in  papers  are  sometimes  im- 
portant It  should  be  borne  in  mind  by  those  who  study  or  quote 
a  paper  in  the  preliminary  edition,  that  they  may  not  have  in  that 
form  the  ultimate  and  deliberate  expression  of  the  author's  views. 
It  should  be  added,  however,  that  in  the  majority  of  cases  there  are 
no  important  changes.)  These  volumes  are  for  sale  as  follows,  in 
paper  covers : 

Vols.  I.  to  IV.,  inclusive,  each, $3  00 

Vols.  V.  to  VIII.,  inclusive,  each, 4  00 

Vols.  IX.  and  X.  (a  small  supply  only  on  hand),        .        .     10  00 
Vols.  XL  to  XXIX.,  inclusive,  each,     .        .        .        .        .5  00 

Vols.  XXX.  and  XXXI.,  each, 6  00 

VoLXXXIL, 5  00 

Vols.  XXXIII.  to  XXXV.,  inclusive,  each,  .        .        .        ,      6  00 

Half-morocco  binding,  $1  extra  per  volume. 
Complete  set  of  Transactums^  Vols.  I.  to  XXXV.,  inclusive, 

half-morocco  binding  (freight  prepaid),         .        .        .  213  00 

Indexes  and  Special  Editions. 
Index,  Vols.  XVI.  to  XX.,  inclusive,  paper, .        .        .        .    $1  00 
Index,  Vols.  XXI.  to  XXV.,  inclusive,  cloth,        .        .        .      1  26 
Index,  Vols.  XXVI.  to  XXX.,  inclusive,  cloth,    .        .        .      1  50 

The  last,  in  half-morocco  binding, 2  50 

"  ITie  Oeiiesis  of  Ore-Deposits,^*  comprising  the  famous  treat- 
ise of  the  late  Professor  Franz  Posepny,  with  the  suc- 
cessive discussions  thereof  by  Le  Conte,  Blake,  Winchell, 
Church,  Emmons,  Becker,Casdn,  Rickard  and  Raymond 
(all  of  which  were  published  in  Volumes  XXIIL  and 
XXIV.  of  the  TVanaactions  of  the  Institute,  and  subse- 
quently in  the  special  **  Posepny  Volume,"  issued  by  the 
Institute) ;  also,  later  papers  by  Van  Hise,  Emmons, 
Weed,  Lindgren,  Vogt,  Kemp,  Blake,  Rickard  and  others, 
and  the  discussions  of  these  papers  by  De  Launay,  Beck, 
and  many  others  (some  of  these  were  included  in  Vol- 
ume XXX.  and  the  remainder  appeared  in  Volume 
XXXI.) ;  also  a  complete  bibliography  of  the  Institute 
papers  and  discussions  on  this  subject  from  1871  to  the 
present  time. 
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The  original  Posepny  volume  compriBed  265  pages, 
and  was  sold  for  $2.50,  at  which  price  the  edition  was 
long  since  exhausted.  The  present  volume  is  an  octavo 
of  825  pages,  bound  in  ^^  book-linen,"  of  the  same  color 
as  the  standard  binding  of  the  TranaactianSj  .        .        .    $6  00 

Half-morocco  bound  copies, 7  00 

"  The  EtH)hUion  of  ARne-Surveying  Instrumenta,^^  This  is  a 
volume  of  about  400  pages,  issued  in  the  same  style 
as  the  foregoing,  and  containing  the  original  paper  of 
Mr.  Dunbar  D.  Scott  on  that  subject  (Transactions, 
XXVIII.),  first  published  in  1898,  together  with  later 
papers,  continuing  the  same  subject,  and  discussions 
thereof,  by  Hoskold,  Lyman,  Davis  and  many  others,  .      3  50 

Half-morocco  binding, 4  50 

Olossary  of  Mining  and  Metallurgical  Terms  (1881),  cloth,  50 

SpanishrAmerican  Mining  and  Metallurgical  Olossary^  bound 

in  leather,  pocket-size,  96  pages, 75 

Special  Mining  and  Railway  Map  of  Mexico^  size  14  by  20,  pre- 
pared by  order  of  Dept.  of  Fomento,  1901,   ...  85 
lAsi  of  MemberSy  RtdeSy  etc,,  paper, 50 

Pamphlets. 

1.  The  Minutes  of  the  Proceedings  of  each  Meeting. 

2.  Such  of  the  papers  presented  or  read  by  title  at  each  Meeting 
as  are  furnished  by  the  authors  and  approved  by  the  Council  for 
full  publication.  (In  nearly  all  cases  in  which  papers,  the  titles  of 
which  appear  in  the  Proceedings,  are  not  subsequently  published, 
they  have  been  withdrawn  by  the  authors.)  These  papers  are  pub- 
lished separately  in  pamphlet  form,  and  are  marked  '^  subject  to 
revision."  Beyond  the  edition  distributed,  without  charge,  to  mem- 
bers and  associates  not  in  arrears,  a  small  supply  is  retained  to 
meet  subsequent  demand.  There  are  no  copies  on  hand  of  papers 
read  before  1880.  The  stock  is  nearly  complete  from  1880.  These 
papers  are  for  sale  at  the  office  of  the  Secretary,  or  are  sent  to  pur- 
chasers by  mail  or  express,  charges  paid,  on  receipt  of  the  price, 
as  follows : 


No.  OF  PAGX8. 

SiNOLX  COPIIB. 

10  COPXIB. 

20  Conn. 

8  orleM. 

9  to  12  incluslTe 

18  to    16     •*      

to  10 
0  10 
012 
0  16 
020 
025 
080 
086 
040 
045 
050 

10  60 
080 
100 
125 
160 
200 
250 
800 
826 
850 
8  76 

flOO 
140 
175 
226 
2  76 
860 
460 
600 
626 
600 
626 

17  to   20     "      

21  to    24     **      

26  to    40     **       «. 

41  to    66     **       

87  to   72     " 

78  to    88     •*      

80  to  104     "       

106  to  120     •*      

Papen  with  folden  and  inserted  plates  subject  to  special  price. 


CONSTITUTION. 

[Adoftkd  Januaby  9,  1905.] 

ARTICLE  I. 

Name  and  Object. 

Ssa  1.  This  Institute  is  incorporated  under  the  Membership  Corporation  Law 
of  the  State  of  New  York ;  its  corporate  name  is  American  Inbtitutb  of  Mining 
Enoinkbbs  ;  and  its  objects  are  such  as  are  stated  in  its  Certificate  of  Incorpora- 
tion. 

ARTICLE  11. 

Members. 

Sec.  1.  The  membership  of  the  Institute  shall  comprise  four  classes,  namely : 
(1)  Members ;  (2)  Honorary  Members ;  (3)  Associates ;  and  (4)  Honorary  Asso- 
ciates. Only  Members  and  Associates  residing  within  the  United  States  of 
America,  Republic  of  Mexico  and  Dominion  of  Canada  shall  be  entitled  to  vote 
at  the  meetings  of  the  Institute. 

Sec.  2.  All  Members,  Honorary  Members,  Associates  and  Honorary  Asso- 
ciates of  the  American  Institute  of  Mining  Engineers  as  the  same  existed  on  the 
day  of  the  incorporation  of  this  Institute,  are  Members,  Honorary  Members,  As- 
sociates and  Honorary  Associates,  respectively,  of  this  Corporation. 

Sec.  3.  The  following  classes  of  persons  shall  be  eligible  for  membership  in 
the  Institute,  namely :  as  Members  and  Honorary  Members,  all  profeaaional  min- 
ing engineers,  geologists,  metallurgists  or  chemists,  and  all  persons  practically 
engaged  in  mining,  metallurgy  or  metallurgical  engineering ;  as  Associates  and 
Honorary  Associates,  all  persons  desirous  of  being  connected  with  the  Institute 
who,  in  the  opinion  of  the  Council,  are  suitable. 

Sec.  4.  Every  candidate  for  election  as  a  Member  or  Associate  of  the  Institute 
must  be  proposed  for  election  by  at  least  three  Members  or  Associates ;  must  be 
approved  by  the  Committee  on  Membership,  as  prescribed  in  the  By-Laws ;  and 
must  be  elected  by  the  Council.  Not  less  than  three-fourths  of  the  votes  cast 
shall  be  necessary  to  an  election.  Every  person  so  elected  shall  become  a  Mem- 
ber or  Associate,  as  the  case  may  be,  upon  payment  of  his  first  dues  as  herein- 
after prescribed.  Each  candidate  for  Honorary  Member  or  Honorary  Associate, 
must  be  recommended  by  at  least  ten  Members  or  Associates ;  must  be  approved 
by  the  Council ;  and  must  be  elected  by  ballot  at  a  meeting  of  the  Board  of  Direc- 
tors by  the  unanimous  vote  of  all  the  Directors  present ;  provided,  however,  that 
the  number  of  Honorary  Members  and  Honorary  Associates  shall  not  at  any  time 
exceed  twenty. 

Sec.  5.  If  any  person  elected  a  Member  or  Associate  does  not,  within  sixty 
days  after  notice  of  his  election,  accept  the  same  and  pay  his  initiation  fee  and 
dues  for  the  current  year,  his  election  may  be  cancelled  at  the  discretion  of  the 
OounciL 

(160) 
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Sbc.  6.  The  Goancil  may  at  any  time  change  the  daaaification  of  a  person 
elected  as  an  Associate  so  as  to  make  him  a  Member,  or  vice  versa.  All  Members 
and  Associates  shall  be  eqoallj  entitled  to  the  priyileges  of  membership,  provided 
that  Honorary  Members,  Honorary  Associates,  and  Members  and  Associates  whose 
Post-Office  addresses  shall  be  outside  of  the  United  6tates,  Mexico  and  Canada^ 
shall  not  be  entitled  to  vote. 

ARTICLE  III. 

Dues. 

Sec  1.  The  dues  of  Members  and  Associates  shall  be  Ten  Dollars  per  annom, 
payable  in  advance  on  the  first  day  of  each  Calendar  year.  Each  newly  elected 
Member  or  Associate  shall  pay,  when  notified  of  election,  an  initiation  fee  of  Ten 
Dollars  in  addition  to  the  dues  for  the  current  year.  Honorary  Members  and 
Honorary  Associates  shall  not  be  liable  to  initiation  fee  or  dues.  Any  Member  or 
Associate  in  arrears  for  one  year  may,  at  the  discretion  of  the  Ciouncil,  be  de^ 
prived  of  the  receipt  of  publications  or  stricken  from  the  list  of  Members,  pro- 
vided that  he  may  be  restored  to  membership  by  the  Council  on  payment  of  all 
arrears  or  may  be  agun  proposed  and  elected  after  an  interval  of  three  years. 

Sec.  2.  Any  Member  or  Associate  not  in  arrears  may  become,  by  the  payment 
of  One  Hundred  and  Fifty  Dollars  at  one  time,  a  Life  Member  or  Associate ;  and 
shaU  not  be  liable  thereafter  to  annual  dues. 


ARTICLE  IV.       . 

Business  Meetings  op  the  Institute. 

Sbc.  1.  The  annual  meeting  of  the  Institute  for  the  election  of  Directors  and 
transaction  of  other  business  shall  take  place  on  the  third  Tuesday  in  February  in 
each  year.  A  report  of  the  financial  condition  of  the  Institute  and  an  abstract  of 
the  accounts  shall  be  furnished  by  the  Directors,  and  presented  at  each  annual 
meeting. 

Sec.  2.  Special  business  meetings  of  the  Institute  may  be  held  at  such  times 
and  places  as  the  Board  of  Directors  may  appoint,  upon  notice  to  all  Members  and 
Associates  entitled  to  vote,  directed  to  each  at  his  last  known  Post-Office  address, 
and  mailed  in  the  City  of  New  York  not  less  than  twenty  days  before  the  date 
fixed  for  such  meeting. 

Sec.  3.  At  all  business  meetings  of  the  Institute  the  presence  of  nine  Members 
and  Associates  shall  constitute  a  quorum. 

Sec.  4.  At  all  business  meetings  of  the  Institute  Members  and  Associates  may 
vote  either  in  person  or  by  proxy,  but  no  Member  or  Associate  in  arrears  since 
the  last  annual  meeting  shall  be  entitled  to  vote. 


ARTICLE  V. 

Other  Meetings  op  the  Institute. 

Ssa  1.  All  meetings  of  the  Institute  other  than  business  meetings  shall  be  held 
at  such  times  and  places  as  the  Council  may  appoint  Notice  of  all  such  meet- 
ings shall  be  given  to  all  Members  and  Associates  by  mail. 
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ARTICLE  VI. 

DiBEGTOBS  AND  OfFICEBS. 

Saa  1.  The  buBineas  and  financial  aflain  of  the  Institute  shall  be  managed  by 
a  Board  of  Dixectors,  who  shall  be  elected  at  the  annual  meeting  in  the  manner 
prescribed  in  the  Certificate  of  Incorporation. 

SBa  2.  The  officers  of  the  corporation  shall  be  a  President,  Vice-Presidenti 
Secretary  and  Treasurer,  who  shall  be  elected  by  the  Directors  from  among  their 
number.  All  such  officers  shall  be  elected  at  the  first  meeting  of  the  Board  of 
Directors  after  each  annual  meeting  of  the  corporation,  and  shall  hold  office  for 
one  year  or  until  their  successors  are  elected  and  qualify. 

The  duties  of  all  officers  shall  be  such  as  usually  pertain  to  their  offices,  re- 
spectiTely,  together  with  such  other  duties  as  may  from  time  to  time  be  prescribed 
for  them  by  the  By-Laws.  The  Treasurer  shall  give  a  bond  for  the  faithful  per- 
formance of  his  duties  in  a  sum  to  be  fixed  by  the  Board  of  Directors,  but  at  the 
expense  of  the  Institute. 

.  Sec.  8.  In  the  event  of  a  vacancy  occurring  in  the  Board  of  Directors  by  death, 
resignation  or  otherwise,  the  remaining  members  of  the  Board  may,  by  a  majority 
vote,  elect  a  successor  to  fill  the  vacancy,  who  shall  continue  in  office  until  the 
next  annual  meeting  or  until  his  successor  shall  have  been  chosen. 

Sec.  4.  The  Board  of  Directors  may,  in  its  discretion,  declare  the  place  of  any 
Director  vacant,  on  bis  failure  for  any  reason,  to  attend  three  successive  meetings 
of  the  Board.  Any  Director  who  shall  under  this  section  or  in  any  other  manner 
cease  to  be  a  member  of  the  Board  shall,  at  the  same  time,  be  held  to  have  vacated 
any  other  office  to  which  he  shall  previously  have  been  elected ;  and  the  Board 
shall  elect  a  new  incumbent  to  the  said  vacant  office. 

Sec.  5.  The  Board  of  Directors  may  from  time  to  time  appoint  from  their  own 
number  standing  and  special  commitiees,  and  may  delegate  to  such  committees 
such  duties  as  they  may  see  fit 

ARTICLE  VII. 

Meetings  of  the  Board  of  Directors. 

Ssa  1.  A  regular  meeting  of  the  Board  of  Directors  for  the  election  of  offi- 
cers and  the  transaction  of  other  business  shall  be  held  on  the  third  Tuesday 
in  February  in  each  year,  after  the  adjournment  of  the  annual  meeting  of  the 
Institute. 

Sec.  2.  Special  meetings  of  the  Board  of  Directors,  at  which  any  business  may 
be  transacted,  may  be  called  to  meet  at  any  time  at  the  office  of  the  Institute  in 
the  City  of  New  York,  by  notice  in  writing  mailed  at  least  five  days  before  the 
meeting,  by  the  Secretary  to  each  member  of  the  Board  at  his  last  known  Post- 
Office  address,  signed  either  by  the  President  or  the  Vice-President  or  by  three 
members  of  the  Board. 

Sec.  3.  At  all  meetings  of  the  Board  of  Directors  the  presence  of  five  mem- 
bers shall  constitute  a  quorum. 

ARTICLE  VIIL 

The  Council. 

•  Ssa  1.  The  professional,  technical,  scientific  and  social  interests  of  the  Insti- 
tute shall  be  committed  to  the  supervision  of  a  Council  composed  of  a  President 
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of  the  Council,  Bix  Vioe-Preeidents  of  the  Ck>ancil,  a  Secretary  of  the  Council 
and  nine  Councilors,  who  shall  be  elected  from  among  the  Members  and  Asso- 
ciates of  the  Institute  in  the  manner  hereinafter  prescribed.  Members  of  the 
Council  may  or  may  not  be  members  of  the  Board  of  Directors. 

Sec.  2.  The  President  of  the  Council  shall  be  elected  for  one  year,  and  no  per- 
son shall  be  eligible  for  immediate  re-election  to  this  office  who  shall  have  held 
the  same  for  two  consecutive  years. 

After  the  first  year  Vice-Presidents  of  the  Council  shall  be  elected  to  serve  for 
two  years,  and  Councilors  shall  be  elected  to  serve  for  three  years.  No  Vice- 
President  of  the  Council  or  Councilor  shall  be  eligible  for  immediate  re-election 
to  the  same  office  at  the  expiration  of  the  term  for  which  he  was  elected.  The 
Secretaiy  of  the  Council  shall  be  elected  annually. 

Sec.  3.  At  the  first  annual  meeting  to  be  held  in  the  year  1905,  there  shall  be 
elected  a  President  of  the  Council  to  serve  for  one  year,  a  Secretary  of  the  Coun- 
cil to  serve  for  one  year,  three  Vice-Presidents  of  the  Council  to  serve  for  one 
year,  three  Vice-Presidents  of  the  Council  to  serve  for  two  years,  three  Councilors 
to  serve  for  one  year,  three  Councilors  to  serve  for  two  years,  and  three  Councilors 
to  serve  for  three  years.  At  each  subsequent  annual  meeting  there  shall  be 
elected  a  President  of  the  Council  to  serve  for  one  year ;  a  Secretary  of  the  Coun- 
cil to  serve  for  one  year ;  three  Vice-Presidents  of  the  Council  to  serve  for  two 
years ;  and  three  Councilors  to  serve  for  three  years.  The  term  of  office  of  all 
Members  of  the  Council  shall  continue  until  the  adjournment  of  the  meeting  at 
which  their  successors  are  elected. 

Sec.  4.  Vacancies  in  the  Council  may  occur  by  death  or  resignation ;  or  the 
Council  may,  by  the  vote  of  a  majority  of  all  its  members,  declare  the  place  of 
any  officer  or  member  of  the  Council  vacant,  on  his  failure  for  one  year,  from  in- 
ability or  otherwise,  to  attend  the  regular  meetings  or  perform  the  duties  of  his 
office.  All  vacancies  shall  be  filled  by  the  appointment  of  the  Council,  and  any 
person  so  appointed  shall  hold  office  for  the  remainder  of  the  term  for  which  his 
predecessor  was  elected  or  appointed ;  provided  that  the  said  appointment  shall 
not  render  such  person  ineligible  for  election  to  the  Council  at  the  next  meeting. 

Sec.  5.  The  presence  of  five  members  of  the  Council  shall  constitute  a  quorum ; 
but  the  Council  may  appoint  an  Executive  Committee,  or  any  business  coming 
within  the  authority  of  the  Council  may  be  transacted  at  a  regularly-called  meet- 
ing thereof,  at  which  less  than  a  quorum  may  be  present,  subject  to  the  approval 
of  a  majority  of  the  Council  subsequently  given  in  writing  to  the  Secretary  and 
recorded  by  bim  with  the  minutes. 

Sec.  6.  The  election  of  the  Council  shall  take  place  at  the  regular  annual  meet- 
ing of  the  Institute.  Kominations  for  members  of  the  Council  may  be  sent  in 
writing  to  the  Secretary  accompanied  with  the  names  of  the  proposers  at  any 
time  not  less  than  thirty  days  before  the  annual  meeting;  and  the  Secretary 
shall,  not  less  than  two  weeks  before  said  meeting,  mail  to  every  Member  or  As- 
sociate entitled  to  vote  a  list  of  all  nominations  for  each  office  so  received,  to- 
gether with  the  names  of  the  persons  ineligible  for  election  to  each  office ;  and 
if  the  Council  or  a  Committee  thereof,  appointed  for  the  purpose,  shall  have  rec- 
ommended any  nomination,  such  recommendation  may  also  be  sent  to  the  Mem- 
ben  and  Associates  with  the  list  of  all  nominations  made. 
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ARTICLE  IX. 

Meetings  of  the  Council. 

Sec.  1.  Meetings  of  the  Council  shall  be  held  at  sach  times  and  places  as  the 
President  of  the  Council  or  one  of  the  Vice-Presidents  of  the  Council  may  appoint 

Sec.  2.  A  meeting  of  the  Council  may  he  held  on  the  day  of  the  annual  meet- 
ing of  the  Institute  without  previous  notice.  Written  notice  of  all  other  meetings 
of  the  Council,  specifying  the  time  and  place  of  such  meeting,  signed  by  the  Sec- 
retary, shall  be  mailed  to  every  member  of  the  Council  at  his  last  known  Post- 
Office  address  at  least  ten  days  before  the  date  of  the  meeting. 

ARTICLE  X. 

Papers  and  Publications. 

Sec  1.  The  Council  shall  have  power  to  decide  as  to  the  acceptance  and  publi- 
cation of  any  professional  papers  presented  to  the  Institute,  subject  to  such  con- 
ditions as  the  Board  of  Directors  may  prescribe. 

Sec.  2.  The  copyright  of  all  professional  papers  communicated  to  and  accepted 
by  the  Institute  shall  be  vested  in  it,  unless  otherwise  expressly  agreed  between 
the  Council  and  the  author.  The  Institute  shall  not  assume  responsibility  for 
any  statements  of  fact  or  opinion  advanced  in  the  papers  or  discussions  at  its 
meetings.  Neither  the  Council  nor  the  Institute  shall  officially  approve  or  dis- 
approve any  technical  or  scientific  opinion  or  any  proposed  enterprise,  outside  of 
the  management  of  the  meetings,  discussions  and  publications  of  the  Institnte, 
and  the  conduct  of  its  business  afifairs  by  the  Board  of  Directors. 

SEa  3.  Special  Committees  may  from  time  to  time  be  appointed  by  the  Coun- 
cil to  make  investigations  and  prepare  reports  for  presentation  to  the  Institute, 
but  no  action  shall  be  taken  binding  the  Institute  for  or  against  the  conclusions 
embodied  in  any  such  reports. 

ARTICLE  XI. 

Suspensions  and  Expulsions. 

Sec.  1.  Any  member  of  the  Institute  who  shall  be  convicted  of  a  crime  involv- 
ing, in  the  opinion  of  the  Board  of  Directors,  moral  turpitude,  shall,  upon  the 
passage  by  the  Board  of  Directors  of  a  resolution  declaring  the  crime  for  which 
he  has  been  convicted  to  be  of  such  character,  be  thereupon  dropped  from  mem- 
bership in  this  Institute, 

Sec.  2.  Any  member  of  the  Institute  may  be  suspended  or  expelled  for  mis- 
conduct by  the  Board  of  Directors,  after  charges  setting  forth  such  misconduct 
shall  have  been  prepared  by  the  Council  and  filed  in  writing  with  the  Board. 
Upon  the  receipt  of  such  charges  in  writing,  the  Board  may,  in  its  discretion,  sus- 
pend such  member  pending  a  hearing  and  determination  thereupon.  As  soon  as 
nuiy  be  after  the  receipt  of  such  charges,  the  Board  shall  fix  a  date  for  a  hearing 
thereupon  and  shall  give  to  the  accused  member  notice  thereof  in  writing,  mailed 
to  him  at  his  last  known  Post-Office  address  not  less  than  thirty  days  before  said 
date,  accompanied  by  a  full  copy  of  the  charges  and  a  copy  of  the  second,  third 
and  fourth  sections  of  this  article. 

Sec.  3.  Upon  the  day  fixed  for  the  hearing,  the  accused  member  may  appear 
before  the  Board,  either  in  person  or  by  an  accredited  representative  ;  hear  any 
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witneaaes  who  may  be  called  in  support  of  the  charges  and  at  his  option  cross- 
examine  the  same ;  and  hear  read  any  documentary  evidence  offered  in  support 
of  the  charges.  The  accused  may,  in  his  discretion,  produce  and  examine  wit- 
nesses in  his  defence,  and  submit  documentary  evidence,  including  a  statement 
from  himself  in  writing.  After  the  conclusion  of  the  hearing,  the  Board  of  Direc- 
tors shall  consider  and  vote  to  approve  or  disapprove  the  chaiges.  If  the  Board 
shall,  by  a  vote  of  two-thirds  of  its  members,  declare  the  charges  sustained,  it  may 
suspend  the  member  for  a  stated  period  or  expel  him. 

Sfic.  4.  If  the  accused  member  shall  not  appear  at  the  hearing,  and  shall  within 
three  months  thereafter  file  with  the  Board  an  affidavit  stating  that  he  had  not 
received  notice  of  the  charges  against  him  in  time  to  enable  him  to  present  his 
defence,  the  Board  shall  fix  a  date  for  a  re-hearing  within  three  months  from  the 
receipt  of  such  affidavit  and  shall  immediately  notify  the  accused  member  by  mail 
of  such  date.  Upon  the  re-hearing,  the  accused  shall  have  the  same  privilege  of 
presenting  his  defence  as  he  would  have  had  upon  the  original  hearing ;  and  after 
the  defence  is  presented,  the  Board  shall  take  a  new  vote  upon  the  charges,  the 
result  of  which  shall  be  conclusive. 

Ssc.  5.  All  interests  in  the  property  of  the  Institute  of  persons  resigning,  or 
otherwise  ceasing  to  be  Members  or  Araociates,  shall  vest  in  the  Institute. 

ARTICLE  XII. 

Amendments. 

Sbc.  1.  This  Constitution  or  any  Article  or  Section  thereof  may  be  amended  at 
any  annual  meeting  by  a  two-thirds  vote  of  all  the  members  present  in  person  or 
by  proxy,  provided  that  notice  of  the  proposed  amendment  shall  have  been  given 
in  writing  at  a  previous  meeting,  and  provided  aleo  that  the  amendment  or  amend- 
ments so  adopted  shall  have  been  printed  and  mailed  to  all  Members  and  Asso- 
ciates not  later  than  thirty  days  before  the  annual  meeting.  Any  amendment  or 
amendments  approved  by  a  majority  of  the  votes  cast  shall  be  deemed  to  have 
been  adopted,  and  shall  become  a  part  of  this  Constitution.  The  Secretary  shall 
forthwith  print  and  distribute  to  Members  and  Associates  an  announcement  of  the 
result  of  said  vote,  and  if  any  amendment  or  amendments  shall  have  been  adopted, 
a  oopy  of  the  section  or  sections  so  amended. 


BY-LAWS. 

I.  Presiding  Officers. 

At  mil  BuaineM  meetings  of  the  Institute  the  President,  or,  in  his  absence,  the 
yice-President,  or,  in  the  absence  of  both  of  them,  any  other  member  of  the 
Board  of  Directors  to  be  chosen  by  the  meeting,  shall  preside. 

At  all  other  meetings  of  the  Institute  the  President  of  the  Council  or,  in  his 
absence,  one  of  the  Vice-Presidents,  if  present,  shall  preside. 

II.  Order  of  Business. 

At  each  Business  meeting  of  the  Institute  the  order  of  business  shall  be  as  fol- 
lows: 

1.  Beading  of  minutes  of  preceding  meeting. 

2.  Report  of  the  President 

3.  Report  of  the  Treasurer. 

4.  Report  of  the  Secretary. 
6.  Election  of  Directors* 

6.  Election  of  Members  of  the  GoundL 

7.  Reports  of  Standing  Committees. 

8.  Reports  of  Special  Committees, 

9.  Special  Orders. 

10.  Miscellaneous  business.  * 

This  order  of  business  may  be  changed  by  a  vote  of  a  majority  of  the  Members 
and  Associates  present  in  person  or  by  proxy. 

The  usual  parliamentary  rules  shall  govern  all  meetings  of  the  Institute  except 
in  cases  otherwise  provided  by  the  Constitution  or  the  By-Laws. 

At  all  sessions  of  the  Institute  other  than  business  meetings,  the  order  of  pro- 
ceedings and  the  time  of  adjournment,  shall  rest  in  the  discretion  of  the  presid- 
ing officer. 

III.  Secretary. 

The  Secretary  shall  keep  a  record  of  the  proceedings  of  all  meetings  of  the  In- 
stitute. He  shall  be  custodian  of  the  Corporate  Seal,  of  the  Minute  Books,  and 
of  all  Legal  Documents  belonging  to  the  Institute.  He  shall  conduct,  on  behalf 
of  the  Institute,  all  correspondence  relating  to  business  matters,  except  such  as 
pertains  directly  to  the  office  of  the  Treasurer. 

He  shall  notify  all  officers  and  Directors  and  Members  of  the  Council,  and  all 
Members  of  Committees  of  their  election  and  appointment ;  shall  issue  notices  of 
all  meetings  of  the  Board,  and  of  the  annual  and  other  meetings  of  the  Institute ; 
and  shall,  in  calling  special  meetings  of  the  Directors,  specify  the  object  of  such 
meeting. 

IV.  Secretary  of  the  Council. 

The  Secretary  of  the  Council  shall  act  as  the  Clerk  of  that  body  at  all  of  its 
meetings  and  at  all  meetings  of  the  Institute  called  for  the  discussion  of  profes- 
sional, technical  or  scientific  matters,  or  for  any  other  purpose  than  the  transac- 
tion of  business. 

He  shall  be  custodian  of  all  technical  or  scientific  papers  submitted  to  the  In- 
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stitnte  for  its  eomideration,  shall  have  charge  of  the  editing  and  printing  of  all 
material  pablished  by  the  Institate,  and  of  the  distribotion  thereof.  On  the  fini 
day  of  May  following  the  year  in  which  each  volume  of  Transactions  is  printed, 
he  shall  torn  over  to  the  Library  Committee  all  copies  of  the  same  not  thereto- 
fore distribnted  by  hioL  He  shall  have  charge  of  all  the  correspondence  of  the 
Institate  relating  to  other  than  business  affairs. 

The  Secretary  of  the  Gouncil  shall  receive  a  salary  to  be  fixed  by  the  Board  of 
Directors.  He  may  appoint  an  Assistant  Editor,  who  shall  likewise  receive  a 
salaty  to  be  fixed  by  the  Board  of  Directors. 

The  Secretary  of  the  Gouncil  may  or  may  not  be  the  same  person  as  the  Secret- 
tary  of  the  Institute.  • 

V.  Assistant  Secretaby. 

The  Secretary  may,  with  the  approval  of  the  Board  of  Directors,  appoint  an 
Assistant  to  whom  both  he  and  the  Secretary  of  the  Gouncil  may  delegate  such 
of  his  or  their  duties  as  he  or  they  may  aee  fit  This  Assistant  Secretary  shall 
receive  such  salary  as  shall  be  fixed  by  the  Board  of  Directors,  which  shall  cover 
his  services  both  to  the  Secretary  and  to  the  Secretary  of  the  Gouncil. 

VI.  Treasurer. 

The  Treasurer  shall  collect  and,  under  the  direction  of  the  Board  of  Directorst 
shall  disburse  all  funds  of  the  Institute.  He  shall  keep  regular  accounts  in 
books  belonging  to  the  Institute,  which  shall  be  open  to  any  member  of  the  Board 
of  Directors.  He  shall  report  in  writing  at  each  annual  meeting  of  the  Insti- 
tute and  at  every  meeting  of  the  Board  of  Directors  at  which  such  report  shall 
be  called  for,  the  balance  of  money  on  hand,  and  any  existing  appropriation 
which  may  afiect  the  same. 

His  accounts  shall  be  audited  annually  by  a  Committee  of  three  Members  or 
Associates  to  be  appointed  by  the  President  at  least  thirty  days  prior  to  the  annual 
meeting  in  each  year,  which  Committee  shall  report  thereon  at  such  annual 
meeting. 

The  Treasurer  may,  at  his  discretion,  place  funds  of  the  Institute,  not  at  any 
time  exceeding  |5,000,  in  a  special  account  in  a  Bank  or  Trust  Company,  subject 
to  the  draft  of  the  Assistant  Treasurer,  and  may  delegate  to  the  Assistant  Treas- 
urer the  duty  of  paying,  out  of  this  account,  the  current  expenses  of  the  Itaii* 
tute. 

The  Treasurer  shall  be  solely  responsible  to  the  Institute  for  all  moneys  re* 
ceived,  whether  the  same  are  entrusted  to  the  Assistant  Treasurer  or  not 

VII.  Assistant  Treasurer. 

The  Treasurer  may  appoint,  with  the  approval  of  the  Board  of  Directors,  an 
Assistant  Treasurer,  to  whom  he  may  delegate  the  duty  of  conducting  the  corre- 
spondence incidental  to  the  office  of  Treasurer,  of  receiving  and  depositing  in 
bank  to  the  credit  of  the  Institute  all  moneys  received,  and  of  paying,  out  of 
the  special  account  upon  which  he  may  be  authorized  to  draw,  the  necessary  ex- 
penses of  the  Institute.  The  Treasurer  may  require  of  him  a  bond,  running  to 
the  Treasurer  personally,  in  an  amount  not  exceeding  96,000,  the  expense  of 
which  shall  be  borne  by  the  Institute* 

The  Assistant  Treasurer  shall  receive  such  compensation  as  shall  be  fixed  by 
the  Board  of  Direetors. 

The  offices  of  the  Assistant  Secretary  and  of  the  Assistant  Treasurer  may,  if 
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00  desired  by  both  the  Secretary  and  the  Treasurer  and  approTed  by  the  Board 
of  Directors,  be  united  in  the  same  person,  who  shall  then  reoeive  the  salary  of 
both  offices. 

The  Assistant  Treasurer  may,  with  the  approval  of  the  Board  of  Dtrectoia, 
employ  such  persons  as  are  necessary  to  constitute  a  clerical  and  office  force  for 
himself,  the  AsslBtant  Secretary  and  the  Secretary  of  the  Council,  at  such  sala- 
ries as  shall  be  approved  by  the  Board  of  Directors.  He  shall,  if  the  offices  of 
Assistant  Secretary  and  Assistant  Treasurer  be  united  in  (he  same  person,  be  the 
immediate  superior  of  all  such  employees,  unless  the  Secretary  of  the  Council  or 
the  Treasurer  be  present,  in  which  event  either  of  them  shall  be  the  superior  of 
all  employees,  including  their  respective  assistants. 

VIII.  Standing  Committees. 

The  Standing  Committees  of  the  Institute  shall  be  three  in  number,  known  re- 
spectively as  the  Finance  Committbk,  the  Library  Comxittse  and  the  Com- 
MiTTEB  ON  Membership. 

The  Finance  Committee  and  the  Library  Committee  shall  each  consist  of 
three  members  of  the  Board  of  Directors,  and  shall  be  appointed  by  the  President 
at  the  first  meeting  of  the  Board,  after  the  annual  meeting  in  each  year. 

The  Committee  on  Membership  shall  consist  of  five  Members  of  the  Council, 
and  shall  be  appointed  by  the  President  of  the  Council,  at  the  first  meeting  of  the 
Council  after  the  first  annual  meeting  in  each  year. 

IX.  Finance  Committee. 

It  shall  be  the  duty  of  the  Finance  Committee  to  inquire  into  and  examine 
the  financial  condition  of  the  Institute,  and  to  consider  ways  and  means  of  in- 
creasing its  revenues  and  of  limiting  its  expenses.  It  shall  report  from  time  to 
time  to  the  Board  as  often  as  it  may  deem  expedient,  and  whenever  it  shall  be 
directed  so  to  do ;  and  the  Treasurer  shall  at  all  times  furnish  it  with  such  state- 
ments and  information  as  it  may  desire. 

■  It  shall  determine  the  investment  of  such  surplus  moneys  as  shall  from  time  to 
time  accrue  to  the  Institute.  It  shall,  at  least  once  in  each  year,  examine  the 
securities  belonging  to  the  Institute  in  the  custody  of  the  Treasurer,  and  report 
thereon  to  the  Board. 

It  may,  at  any  time,  examine  the  books  and  vouchers  of  the  Treasurer  and  As- 
sistant Treasurer. 

The  Treasurer  shall  not  be  a  member  of  the' Finance  Committee,  but  shall 
attend  the  meetings  of  the  same  if  requested  to  do  so. 

X.  Library  Committee. 

The  Library  Committee  shall  be  the  custodian  of  all  books  in  the  Institute 
Library  and  of  additions  thereto ;  also  of  all  back  numbers  of  the  IVofisaceums  of 
the  Institute.  It  shall,  on  the  first  day  of  May,  of  each  year,  reoeive  from  the 
Secretary  of  the  Coundl,  and  receipt  for  same  to  him,  all  the  volumes  of  IVans- 
oeHoM  for  the  preceding  year,  not  then  distributed  by  said  Secretary. 

It  shall  cause  to  be  kept,  under  the  direction  of  the  Assistant  Secretary,  a  cata- 
logue of  all  books  in  the  Library  and  an  account  in  ledger  form  of  all  volumes 
of  Transactions  in  its  custody,  in  which  shall  be  charged  to  it  all  volumes  deliv- 
ered to  it,  and  in  which  shall  be  credited  all  volumes  taken  from  its  custody  for 
Side  or  for  any  other  purpose* 
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The  receipts  from  the  sale  of  any  yoliime  of  Trcmsaetions  taken  from  the  custody 
of  the  Library  Ck)MBf ittee  shall  be  credited  to  the  Library  Committee  on  the 
books  of  the  Treasurer,  and  devoted  to  the  general  purposes  of  the  Institute. 

XI.  Committee  on  Membership. 

All  nominations  for  Members  or  Associates  of  the  Institute  shall  be  submitted* 
to  and  passed  upon  bj  the  Committee  on  Membership,  who  shall  report  thereon 
to  the  Council.  It  shall  receive  and  consider  all  communicfitions  respecting  can- 
didates, and  shall  make  diligent  inquiry  as  to  the  character  and  qualifications  of 
each  one.     Its  proceedings  shall  be  secret  and  confidential. 

No  member  of  the  Committee  shall  propose  any  candidate. 

XII.  Election  of  Members. 

After  the  Committee  on  Membership  shall  have  reported  to  the  Council  its 
conclusions  as  to  the  acceptability  of  each  candidate,  the  Council  shall  vote  upon 
the  same. 

Two  negative  votes  of  members  of  the  Council  present  shall  prevent  the  elec- 
tion of  any  candidate.  No  person  shall  be  proposed  for  election  to  the  Institute 
within  one  year  after  his  name  shall  have  been  rejected  by  the  Council. 

XIII.  United  Engineering  Society. 

The  Board  of  Directors  shall,  at  its  first  meeting  after  the  adoption  of  these 
By-Laws,  designate  three  Members  or  Associates  of  this  Institute  to  be  represent- 
atives of  this  Institute  upon  the  Board  of  Trustees  of  the  United  ENOlNEERiNa 
BociBTY,  making  at  the  same  time  provision  for  the  expiration  of  the  terms  of 
office  of  said  representatives,  as  provided  in  the  By-Laws  of  the  said  United 
Enoineerino  Society. 

At  the  last  meeting  of  the  Board  of  Directors  prior  to  the  first  day  of  each 
January  thereafter,  the  Board  shall  designate  a  Member  or  Associate  of  this  In- 
stitute to  be  a  representative  of  this  Institute  upon  the  Board  of  Trustees  of  the 
said  United  Engineering  Society  for  a  period  of  three  years  beginning  at  the 
next  ensuing  annual  meeting  of  said  Society. 

At  any  time  when  a  vacancy  shall  occur  in  the  representation  of  this  Institute 
in  the  Board  of  Trustees  of  said  Society,  by  reason  of  the  death,  resignation  or 
removal  of  any  such  representative  therein,  the  Board  of  Directors  of  this  Insti- 
tute shall  designate  a  Member  or  Associate  to  fill  such  unexpired  term. 

XIV.  Amendments. 

These  By-Laws  may  at  any  time  be  altered  or  amended  by  a  vote  of  three- 
fourths  of  the  Board  of  Directors,  or  by  the  Members,  at  a  business  meeting  of 
the  Institute,  in  the  same  maimer  provided  for  amendments  of  the  Constitution 
in  Article  XIL  thereof. 
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SECTION  I. 

INSTITUTE  ANNOUNCEMENTS. 

This  section  contains  announcements  of  general  interest  to 
the  members  of  the  Institute  but  not  always  of  sufficient  per- 
manent value  to  warrant  republication  in  the  volumes  of  the 
Transactions. 


OFFICERS. 

For  the  year  ending  February,  1907. 

Council.* 

President  of  the  Council. 

ROBERT  W.  HUNT Chicago,  III. 

(Tenn  expires  February,  1907.) 

Vice-P&esidbnts  of  the  Council. 

WILLIAM  P.  BLAKE Tucson,  Ariz. 

THOMAS  F.  COLE Duluth,  Minn. 

IRVING  A.  STEARNS Wilkbs-Barre,  Pa, 

(Term  expires  February,  1907.) 
HENRY  M.  HOWE New  York,  N.  Y. 

J.  B.  grant Denver,  Colo. 

JAMES  D.  HAGUE New  York,  N.  Y. 

(Term  expires  February,  1909.) 

Councilors. 

F.  L  GRAMMER Baltimore,  Md. 

JOSEPH  HARTSHORNE Pottotown,  Pa. 

CHARLES  H.  SNOW New  York,  N.  Y. 

(Term  expires  February,  1907.) 
A.  A.  BLOW Washington,  D.  C. 

FRANK  LYMAN New  York,  N.  Y. 

t.  A.  RICKARD San  Francisco,  Cal. 

(Term  expires  February,  1908.) 

THEODORE  DWIGHT J^ew  York,  N.  Y. 

WALTER  WOOD Philadelphia,  Pa- 

WM.  FLEET  ROBERTSON Victoria,  B.  C,  Can. 

(Term  expires  February,  1909.) 

Secretary  of  the  Council, 

R.  W.  RAYMOND,  No.  99  John  Street New  York,  N.  Y. 

(Term  expires  February,  1907.) 

Assistant  Secretary  and  Editor. 
JOSEPH  STRUTHERS New  York,  N.  Y. 

Corporation. 

JAMES  GAYLEY,  President ;  JAMES  DOUGLAS,  Vice-President ;  R.  W. 

RAYMOND,  Secretary  ;  FRANK  LYMAN,  Treasurer  ;  H.  W.  B. 

HOWARD,  Assistant  Secretary  and  Assistant  Treasurer. 

Directors. 

JAMES  GAYLEY,  FRANK  KLEPETKO,  FRANK  LYMAN. 

(Term  expires  February,  1907.) 

JAMES  DOUGLAS.,  JAMES  F.  KEMP,  ALBERT  R.  LEDOUX. 
(Term  expires  February,  1908.) 

THEODORE  DWIGHT,  CHARLES  H.  SNOW,  R  W.  RAYMOND. 
(Term  expires  February.  1909.) 

Consalting  Attorneys,  Blair  &  Rudd,  New  York,  N.  Y. 

*  Secretary's  Note, — ^The  Council  is  the  professional  body,  having  charge  of 
the  election  of  members,  the  holding  of  meetings  (except  business  meetings),  and 
the  publication  of  papers,  proceedings,  etc.  The  Board  of  Directors  is  the  body 
legally  responsible  for  the  business  management  of  the  Corporation,  and  is  there- 
fore, for  convenience,  composed  of  members  residing  in  New  York. 
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BI-MONTHLY  BULLETIN. 

For  the  convenience  of  persons  who  desire  to  file,  or  other- 
wise use  separately,  the  technical  papers  in  Section  11.  of  the 
Bulletin,  each  of  these  papers  has  been  paged  and  wired  by 
itself;  the  whole  collection  being  held  together  by  a  single, 
heavy  wire,  upon  the  removal  of  which  it  will  fall  apart  into 
individual  pamphlets,  substantially  like  those  formerly  issued. 

A  small  stock  of  separate  pamphlets,  duplicating  the  tech- 
nical papers  given  in  Section  XL  of  this  Bulletin,  is  reserved  for 
those  who  desire  extra  copies  of  any  single  paper. 

All  communications  concerning  the  contents  of  this  Bulletin 
should  be  addressed  to  Dr.  Joseph  Struthers,  Assistant  Secre- 
tary and  Editor,  99  John  St.,  New  York  City  (P.  0.  Box  223 ; 
Telephone  number  5477  John). 
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UNITED  ENGINEERING  SOCIETY 
BUILDING. 

Members  of  the  Institute  have  already  received  a  special 
pamphlet  descriptive  of  the  United  Engineering  Society  build- 
ing, and  will  doubtless  be  interested  in  the  progress  that  has 
been  made  up  to  date — February  24th — in  erecting  this  home 
for  the  engineering  profession. 

The  old  buildings  on  lots  Nos.  25  to  88  W.  89th  St,  New 
York,  were  removed  many  months  ago,  but  final  contracts 
for  the  new  building  were  not  let  until  the  summer  of  1906. 

The  size  of  the  building  is  115  ft  on  89th  Street,  and  88  ft, 
in  depth ;  the  height  from  the  sidewalk  to  the  top  of  the  para- 
pet is  220  feet.  The  cubic  contents  of  the  building  from  the 
bottom  of  the  basement  floor  to  the  top  of  the  roof,  including 
the  pent  houses,  is  2,290,000  cubic  feet.  The  number  of  lights 
in  the  building  will  be  between  4,000  and  4,500.  The  air  sup- 
ply for  Auditorium  and  Lecture  Halls  will  amount  to  nearly 
100,000  cu.  ft.  per  minute,  and  the  exhaust  to  90,000  cu.  ft.  per 
minute. 

In  excavating  for  cellar  and  foundations,  the  average  depth 
where  good  rock  was  found  was  37  ft. — ^it  varied,  however, 
from  27  to  65  ft.,  due  to  an  old  water-course  having  run  through 
the  center  of  the  lot;  this  condition,  and  the  presence  of  soft 
rock,  which  rapidly  disintegrated  when  exposed  to  air  and  water, 
made  the  foundation-work  very  difficult.  As  two  of  the  col- 
umn-footings of  the  building  have  to  sustain  a  weight  of 
8,000,000  lb.  each,  the  most  substantial  foundations  are  neces- 
sary ;  13,000  cu.  yd.  of  earth  were  excavated  for  the  foundation 
and  basement;  and  1,600  cu.  yd.  of  concrete  were  necessary 
to  build  up  the  footings.  In  the  completed  building  there  will 
be  about  3,500,000  bricks.  Owing  to  the  number  of  audito- 
riums, and  their  location,  and  the  placing  of  the  library  on  the 
top  floor,  where  allowance  will  have  to  be  made  for  the  enor- 
mous weight  of  300,000  books,  the  structural  steel  work  has 
been  unusually  complicated  in  this  building.  For  instance, 
over  the  auditorium  there  are  two  60-ton  plate-girders,  made  up 
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View  of  United  Engineering  Society  Building,  Nos.  2")  to  33  West  39tli  St., 
New  York  City,  taken  March  1,  1906. 
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of  three  20-ton  girders  in  parallel ;  and  at  each  end  of  the  audi- 
torium one  40-ton  plate-girder.  Again,  above  the  Assembly 
Floor,  there  is  a  lattice-girder  which  weighs  60  tons.  The  two 
columns  which  run  up  to  the  bottom  of  this  lattice-girder,  for 
a  distance  of  40  ft.,  weigh  1,000  lb.  per  foot.  The  floors 
throughout  the  building  will  be  of  marble,  terrazzo  or  cement, 
laid  over  terra  cotta  arches,  with  the  sole  exception  of  the  lec- 
ture halls,  where  fire-proof  maple  will  be  used.  The  wood- 
work throughout  the  building  will  be  fire-proofed  and  the  win- 
dow-frames kalamined. 

At  the  present  time  the  structural  steel-work  is  two  floors 
above  the  level  of  the  adjoining  4-8tory  and  basement  brown 
stone  houses,  which  is  equivalent,  in  our  building,  to  the  span 
over  the  lecture  floor ;  and  the  brick-work  has  reached  the  level 
of  the  adjoining  buildings  on  the  sides  and  rear.  A  photo- 
graphic view  of  the  building,  taken  March  1,  1906,  is  given  on 
the  opposite  page.  The  limestone  front  is  being  put  in  place. 
Unfortunately,  owing  to  the  strike  of  the  housesmiths  (structu- 
ral-steel men),  the  steel  work  was  delayed  for  about  five  weeks. 

Many  members  of  the  Institute,  who  are  also  members  of 
the  Engineers'  Club,  will  be  glad  to  know  that  work  is  also 
progressing  on  their  building,  which  adjoins  the  rear  of  our 
own,  and  that  it  is  also  expected  that  this  will  be  open  for  occu- 
pancy by  the  same  date,  if  not  earlier. 

Theodore  Dwight. 


viii  Bi-MoNTHLY  Bulletin,  So.  8,  March,  1906. 

PROCEEDINGS  OF  THE  ANNUAL 
MEETING. 

At  the  Annual  Business  Meeting  of  the  Institute,  held  Feb- 
ruary 20,  1906,  the  following  persons  were  elected : — 

Directors. 
(To  serve  three  years.) 

Theodore  Dwight,  Rossiter  W.  Raymond  and  Charles  H. 
Snow,  all  of  New  Tork,  N.  Y. 

Council. 

President  of  the  Council^  Robert  W.  Hunt,  Chicago,  111.  Vice- 
Presidents  (for  two  years),  Henry  M.  Howe,  New  York,  N.  Y. ; 
J.  B.  Grant,  Denver,  Colo. ;  and  James  D.  Hague,  New  York, 
N.  Y.  Councilors  (for  three  years),  Walter  Wood,  Philadelphia, 
Pa.;  William  F.  Robertson,  Victoria,  B.  C;  and  Theodore 
Dwight,  New  York,  N.  Y.  Secretary  of  the  Council  (for  one 
year),  Rossiter  W.  Raymond,  New  York,  N,  Y. 

[Secretary's  Notk. — The  complete  list  of  aU  officers  of  the  Institute  will  he 
found  on  p.  iv.  of  this  nnmher  of  the  Bulletin.  The  following  explanation  may 
recall  to  old  memherS)  and  convey  to  new  ones,  the  relations  of  the  two  goYeming 
bodies,  as  determined  by  the  Certificate  of  Incorporation  of  the  Institute,  and  the 
Constitution  and  By-Laws  adopted  in  accordance  therewith. 

The  body  legally  responsible  for  the  business  management  is  the  Board  of  nine 
Directors  (three  elected  annually  to  serve  three  years),  which  elects  its  own  offi- 
cers. This  body,  for  reasons  of  practical  convenience,  is  composed  of  well-known 
members,  residing  in  New  York  City,  and  able  to  attend,  without  serious  incon- 
venience or  expense,  the  necessary  meetings  of  the  Board.  The  officers  of  this 
Board  are  legally  the  officers  of  the  Institute.  But,  apart  from  business  manage- 
ment, the  Board  exercises  no  control  over  the  election  of  members,  or  the  profes- 
sional and  technical  work  of  the  Institute,  except  that  its  vote  is  required  to 
elect  honorary  members,  upon  the  recommendation  of  the  Council. 

The  Council  is  a  body,  constituted  in  all  respects  (except  that  it  has  no  Treasu- 
rer) like  the  Council  existing  before  the  incorporation  of  the  Institute,  in  Janu- 
ary, 1905,  and  charged  with  all  duties  and  powers,  except  those  which  the  Board 
of  Directors  must  legally  perform.  It  elects  members,  appoints  the  times  and 
places  of  professional  meetings,  and  controls  the  publication  and  distribution  of 
papers  and  volumes,  etc.  Its  members  (President,  Vice-Presidents  and  Council- 
ors) are  elected  by  the  members  of  the  Institute,  voting  in  person  or  by  proxy, 
and  after  publication  of  the  nominations  received  ;  and  it  is  intended  to  repre- 
sent, as  far  as  practicable,  both  the  professional  and  the  geographical  distribution 
of  the  membership.  Consequently,  whatever  professional  honor  attaches  to  offi- 
cial position  belongs  to  membership  in  the  Council,  rather  than  in  the  legal  Board 
of  Directors.  This  remark  implies  no  disparagement  of  the  members  of  the  lat- 
ter body,  every  one  of  whom  has  served,  or  is  now  serving,  as  a  member  of  the 
Council.  But  it  is  only  fair  to  explain  that  their  election  and  continued  re-elec- 
tion as  Directors  is  simply  a  matter  of  legal  convenience.] 
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PROCEEDINGS  OF  THE  BOARD  OF 
DIRECTORS. 

The  following  acts  of  the  Directors  are  reported  for  the  in- 
formation of  members : — 

At  a  meeting  held  November  3,  1905,  Messrs.  Henri  Le 
Chatelier,  of  Paris,  France,  and  Andrew  Carnegie,  of  New 
York,  N.  Y.,  having  been  nominated  by  a  large  number  of 
members,  and  recommended  by  unanimous  vote  of  the  Coun- 
cil, were  unanimously  elected  Honorary  Members,  in  recogni- 
tion of  their  distinguished  services  to  the  arts  and  professions 
represented  by  the  Institute. 

At  a  meeting  held  February  7,  1906,  Dr.  James  Douglas,  of 
New  York,  N.  Y.,  having  been  nominated  by  a  large  number 
of  leading  members,  and  recommended  by  unanimous  vote  of 
the  Council,  was  unanimously  elected  an  Honorary  Member,  in 
recognition  of  his  distinguished  services  to  the  practice  and  the 
literature  of  mining  and  metallurgy,  his  zealous  and  loyal  de- 
votion to  this  Institute,  his  fraternal  generosity  towards  profes- 
sional colleagues,  and  his  effective  advocacy,  by  public  utter- 
ance and  private  example,  of  the  free  communication  of  tech- 
nical knowledge  and  experience. 

At  the  same  meeting,  By-Law  IV.,  which  now  authorizes 
the  Secretary  to  appoint  an  "  AssiBtant  Editor,"  was  amended 
by  substituting  the  words, "  Assistant  with  the  title  of  Editor." 

At  the  same  meeting,  the  resignation  of  Mr.  Theodore 
Dwight,  as  Assistant  Secretary  and  Assistant  Treasurer  of  the 
Institute,  was  presented  and  accepted,  and  the  Secretary  was 
instructed  to  express  to  Mr.  Dwight  the  thanks  of  the  Board 
for  his  loyal  and  efficient  services,  and  its  regret  that  he  could 
not  continue  in  that  position. 

[Secbetajiy*s  Note. — Mr.  Dwight's  resignation,  dictated  solely  by  the  de- 
mands of  private  business,  covers  only  his  immediate  management  of  this  office. 
He  is  still  a  Director  and  Councilor,  and  a  representative  of  the  Institute  in 
matters  connected  with  the  new  Carnegie  Building,  etc. — ^R  W.  R.] 

At  the  same  meeting,  the  Secretary  and  the  Treasurer  re- 
ported respectively  their  appointment  of  Mr.  Henry  W.  B. 
Howard  as  Assistant  Secretary  and  Assistant  Treasurer,  to  fill 
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the  vacancies  created  by  the  resignation  of  those  offices  by  Mr. 
Dwight;  and  the  said  appointments  were  confirmed. 

At  a  meeting  of  the  Board,  held  February  20,  1906,  after 
the  adjournment  of  the  Annual  Meeting  of  the  Institute,  the 
following  officers  were  elected  for  the  ensuing  year: — Prc^i- 
dentyJomes  Qayley;  Vice-President y  James  Douglas;  Secretary ^ 
R.  W.  Raymond ;   Treasurer,  Frank  Lyman. 

Financial  Statement. 

The  following  statement  of  receipts  and  expenditures  from 

January  9  to  December  81,  1905,  is  published  by  authority  of 

the  Board  of  Directors. 

Rbceifib. 


Balance  from  statement  of  Januarjr,  1905, 

Annual  dues,    . 

Life  memberfihipB,    . 

Initiation  fees, 

Binding  of  TraruaeticnSf  . 

Sale  of  pablicationa,         .   • 

Electrotypes,    . 

Miscellaneous  receipts,     . 

Interest  on  bonds  and  deposits, 


129,109.48 
2,592.49 
3,200.28 
2,823.65 
2,960.60 
72.50 
633.90 
1,192.88 


Disbursements. 

Printing  Vol.  XXXV.  of  the  Transactumsy 

'  ^      Bi-Monthly  Bulletin  and  pam phlet  edition  of  papers, 

**       circulars  and  ballots, .... 

' '       special  editions, 

"       new  edition  "  Genesis  of  Ore-Deposits/' 
Binding  Vol.  XXXV.  of  the  TraruactumSf 

*^      miscellaneous  volumes, 

**      of  exchanges, 

Engraving  and  electrotyping,  .... 
Secretary's  department,  including  editorial  work, 
Postage,  including  post-office  box  rental, 
Stationery,        .... 

Rent, 

Express  and  freight  charges.    . 
Treasurer's  department,   including 

shipping,  etc 

Telephone,       .... 
Telegrams,  cables  and  carfare, 
Storage  of  TransactumSy    . 
Office  supplies  and  repairs, 
Librarian  and  assistant,    . 
Refunding  payments, 


collection   of 


dues, 


19,401.58 


42,685.78 
151,987.86 


14,129.64 

6,468.36 

349.80 

32.25 

60.00 

2,863.36 

355.18 

262.90 

731.31 

9,510.00 

1,755.68 

675.82 

2,750.00 

2,567.69 

7,291.34 
280.60 
128.11 
180.38 
172.93 

1,360.00 
39.99 
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Insurance  premiams,  fire  and  suretj,        ....  277.74 

Collection  charges, 35,19 

Extra  clerical  helpi 60.00 

Special  stenographers  and  expenses  of  meetings,     .        .  1,096.64 

Auditing, 125.00 

Office  cleaning  and  sundry  expenses,       ....  108.89 

$43,653.79 

Incorporation  expenses, 1,071.75 

Office  equipments, 143.65 

Library  additions. 299.21 

Balance, 6,818.96 

$51,987.36 

Note. — It  should  be  borne  in  mind  that  by  reason  of  the  fact  that  the  incor- 
poration of  the  Institute  was  completed  January  9, 1905,  and  the  final  financial 
statement  of  the  former  Council  was  brought  to  that  date,  the  present  statement 
begins  with  January  9,  instead  of  January  1,  as  future  annual  statements  will 
do.  It  omits,  therefore,  the  receipts  and  expenditures  for  the  first  nine  days  of 
1905,  during  which  period  $6,841.62  was  received  (almost  all  for  dues  of  1905), 
and  only  $100  was  expended  (for  weekly  salaries).  In  other  words,  $6,741.62, 
excess  of  receipts  over  expenditures,  belonging  strictly  to  1905,  is  included  in 
the  *' Balance  from  Last  Account,"  at  the  head  of  this  statement  The  receipts 
for  the  whole  year  were,  therefore,  $49,427.40,  and  the  expenditures  $45,278.40, 
showing  a  surplus  of  $4,149.00. 

This  statement  does  not  include  a  payment  made  on  account  of  the  Institute  to 
''United  Engineering  Society,"  in  connection  with  the  Carnegie  Engineering 
Building— the  amount  of  which  was  supplied  from  a  special  fund,  raised  by  vol- 
untary subscription.  The  full  account  of  this  fund  will  be  separately  published, 
at  the  proper  time,  by  the  (Committee  having  it  in  charge. 
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PROCEEDINGS  OF  THE  COUNCIL. 

The  following  report,  prepared  by  the  Secretary,  is  published 
by  authority  of  the  Council : — 

Meetings. 

Two  meetings  for  the  reading  of  papers,  etc.,  have  been  held 
during  the  year,  namely,  the  Eighty-Eighth,*  held  May  2d  to 
6th,  at  Washington,  D.  C,  and  the  Eighty-Ninth,  held  July  1st 
to  5th,  at  Victoria,  B.  C. 

The  proceedings  of  these  meetings,  including  descriptions  of 
the  entertainments  and  excursions  connected  therewith,  have 
already  been  published  and  distributed  to  the  members  of  the 
Institute ;  the  Washington  meeting  in  Bi-Mottthly  Bulletin^  "No. 
4,  July,  1905,  pp.  913  to  937,  and  the  British  Columbia  meet- 
ing in  BUMonihly  Bulletin^  No.  6,  November,  1905,  pp.  1342  to 
1413.  It  is,  therefore,  not  necessary  to  include  them  in  this 
report.  The  meetings  were  highly  successful,  both  profession- 
ally, on  account  of  the  large  number  of  valuable  papers  pre- 
sented, and  socially,  through  the  various  delightful  excursions 
and  entertainments  provided  for  the  visiting  members  an4 
guests. 

At  the  Washington  meeting,  53  papers  and  discussions  were 
presented,  and  the  number  of  names  registered  at  the  local 
headquarters  amounted  to  145;  this  number,  however,  does 
not  fully  represent  all  who  were  present  at  the  sessions  and  ex- 
cursions. At  the  British  Columbia  meeting,  23  papers  and 
discussions  were  presented,  and  98  members  and  guests  consti- 
tuted the  special  excursion  to  Dawson  and  return.  In  addition 
to  these,  many  local  members  and  guests  attended  the  sessions 
at  Victoria,  and  accompanied  the  party  on  various  excursions 
at  Nelson,  Rossland,  Grand  Forks,  Victoria,  White  Horse, 
Dawson  and  Vancouver. 

*  Prior  to  the  incorporation  of  the  Institute,  the  Annual  Meeting  was  simply 
one  of  the  regular  meetings,  and  was  mainly  occupied,  like  the  rest,  with  the 
reading  and  discussion  of  papers.  At  present,  the  Annual  Meeting  is  devoted  to 
business  only.  Consequently,  it  will  not  be  hereafter  numbered  serially  in  the 
list  of  meetings.     (See  Bi-Mmthly  Bulletin^  No.  4,  July,  1905,  p.  913.) 
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Fublications, 

Transactions, — Volume  XXXV.  of  the  Transactions^  an  octavo 
of  1138  pages,  comprising  90  papers  and  discussions  presented 
during  the  year  1904,  was  issued  and  distributed  early  in  July, 
a  gain  in  time  of  4  months  over  the  appearance  of  Volume 
XXXIV.,  and  of  9  months  over  that  of  Volume  XXXIII. 

The  material  (excepting  the  index)  for  Volume  XXXVI., 
which  will  contain  about  1025  pages,  is  now  in  the  hands  of 
the  printer,  and,  although  a  strike  of  compositors  has  delayed 
the  progress  on  the  work,  the  volume  should  be  printed  and 
distributed  to  the  members  in  June,  1906. 

Index. — The  preparation  of  former  collective  indexes  of  the 
Transactions  for  Volumes  I.  to  XV.,  XVI.  to  XX.,  XXI.  to 
XXV.,  and  XXVI.  to  XXX.,  respectively,  has  proved  so  im- 
portant in  making  our  Transactions  a  convenient  cyclopsedia  of 
practice  and  progress  for  all  students  of  modern  mining  and 
metallurgy,  that  a  single  index,  containing  all  the  references  to 
material  in  Volumes  I.  to  XXXV.,  inclusive,  is  now  being  as- 
sembled. It  is  hoped  that  this  collective  index,  probably  com- 
prising 800  or  900  pages,  will  be  ready  for  distribution  in  Sep- 
tember, 1906. 

Bi-Monthly  Bulletin, — The  technical  papers  which,  prior  to 
1905,  had  been  distributed  as  separate  pamphlets,  were  issued 
during  this  year  in  the  form  of  a  bi-monthly  bulletin,  under 
the  management  of  Dr.  Joseph  Struthers,  Assistant  Secretary 
and  Editor.  In  order  that  the  individual  technical  papers  may 
be  filed  or  otherwise  used  separately,  each  one  has  been  paged 
and  wired  by  itself,  the  whole  collection  being  held  together  by 
a  single  wire  staple,  upon  the  removal  of  which  it  will  fall  apart 
into  individual  pamphlets,  substantially  like  those  formerly 
issued.  In  additipn  to  the  technical  papers,  the  Bulletin  con- 
tains announcements  of  general  interest  to  the  members  of  the 
Institute,  such  as  lists  of  accessions  to  our  library,  election  of 
new  members,  etc. 

This  change,  which  was  made  in  order  to  secure  the  advan- 
tage in  postal  rates  given  by  the  U.  S.  Post  Office  to  periodicals 
constituting  the  second  class  of  mail  matter,  has  resulted  in 
a  saving  of  at  least  $1,200  in  the  cost  of  postage  for  the  year. 

The  six  numbers  of  the  Bulletin  issued  during  1905  com- 
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prised  1,413  pages  of  technical  papers  and  discussions,  and  115 
pages  of  Special  announcements,  a  total  of  1,528  pages;  thus 
furnishing  to  the  members  more  than  500  pages  of  reading 
matter,  in  addition  to  that  which  will  be  included  in  Volume 
XXXVI.  of  the  Transactions. 

The  successful  publication  of  the  BuUeiin^  and  the  early  ap- 
pearance of  Volume  XXXV.,  have  been  the  results  of  the  effi- 
cient work  of  Dr.  Struthers. 

Membership. 

Changes  in  membership  have  taken  place  during  the  year  as 
follows : — 1  honorary  member  (not  previously  -on  the  regular 
list  of  members),  822  members,  and  19  associates  have  been 
elected ;  1  member  has  been  elected  an  honorary  member,  and 
5  associates  have  become  members ;  the  deaths  of  1  honorary 
member,  34  members,  and  5  associates  have  been  reported ;  46 
members  and  5  associates  have  resigned,  and  48  members  and 
1  associate  have  been  dropped  from  the  roll  by  reason  of  non- 
payment of  dues,  loss  of  correct  address,  etc.*  These  changes 
are  shown  in  the  accompanying  table. 

The  total  membership  on  January  1, 1906,  was  8,884,  as  com- 
pared with  3,680  on  January  1,  1905 — a  net  gain  for  the  year 
of  204  members. 

Membership  of  ike  American  Institute  of  Mining  Engineers^ 
January  1,  1906. 


I    Honorary       »,«^k^_        AasocUte         m^».,, 
I    MemhftnL        McmbeiB.         MemhP.rs.  ToUl». 


:    Members. 


Membership  Dec.  31,  1904 1  7 

Gains:  By  Election '  1 

Change  of  Status |  I 

Keinstatement | 

Re-election 

Losses:  By  Resignation 

Dropping , 

Change  of  Status 

Death 1 

Total  gains 2 

Total  losses 1 

Membership  Dec.  31,  1905 8 


3,483 

190 

322 

19 

4 

1 

1 

46 

6 

48 

1 

1 

4 

34 

6 

328 

129 

3,682 


19 

15 

194 


3,680 

342 

5 

1 

1 

51 

49 

5 

40 

349 

145 

3,884 


*  Many  of  tliese,  no  doubt,  will  be  reinstated,  as  has  been  the  case  in  former 
years. 
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The  list  of  deaths  reported  during  the  year  comprises  the 
following  names:* — 

HovKyrary  Member, — ^Dr.  Bruno  Kerl. 

Members  and  Associates. — Charles  Christy  Adams  (1903), 
John  Wesley  Anderson  (1898),  William  Burton  Barber  (1901), 
Thomas  A.  Bennett  (1900),  Luke  W.  Bryan  (1901),  Edwin  S. 
Daugherty  (1905),  William  Scott  de  Camp  (1875),  George  H. 
Eldridge  (1889),  B.  W.  Frazier  (1871),  John  Broome  Guinn, 
Jr.  (1897),  Dana  C.  Irish  (1900),  Harry  Hugh  Lee  (1899),  Wil- 
Ham  Alfred  Lindsay  (1902),  Robert  C.  Luther  (1884),  James 
MacNaughton  (1893),  Gordon  McLean  (1899),  Herbert  Holmes 
McNamara  (1902),  August  R.  Meyer  (1886),  William  Orr 
(1897),  William  J.  Parker,  Jr.  (1898),  Joseph  Phillips,  Jr. 
(1895),  Charles  0.  Ripley  (1902),  Emmerich  J.  Schmitz  (1883), 
Ludwig  Philip  Seeger  (1900),  Jacob  Johnston  Sperry  (1900), 
Gustavus  H.  Stoiber  (1902),  William  L.  Study  (1905),  Robert 
Macnair  Wilson  Swan  (1900),  Richard  Henry  Terhune  (1886), 
Joseph  Thiry  (1892),  John  K  Tisdale  (1903),  Alfred  Isham 
Totten  (1897),  Walter  H.  Virgoe  (1902),  Charles  H.  Wellman 
(1890). 

Biographical  Notices  of  Thomas  M.  Drown,t  Bruno  Kerl,J 
Benjamin  West  Frazier,§  and  Sir  Lowthian  Bell||  have  been  pre- 
pared separately  and  published  in  the  Bi-Monihly  Bulletin  prior 
to  incorporation  in  Volume  XXXVI.  of  the  Transactions^  and 
a  Biographical  Notice  of  Edward  Cooper  is  now  in  press. 
Concerning  the  remaining  names  in  the  above  list,  such  data 
as  the  Secretary  has  been  able  to  obtain  will  be  published  in 
Bi-Monthly  BuUettn^  No.  9,  May,  1906,  under  the  title,  *'  Bio- 
graphical Notices  of  1905."  Any  appropriate  biographical 
data  concerning  these  names,  or  others  not  in  the  above  list 
which  may  be  received  hereafter,  will  be  included  in  the  Bio- 
graphical Notices  of  1906,  to  be  published  next  year. 


*  The  figures  in  parenthesU  indicate  the  year  in  which  the  persons  named  were 
elected  hj  the  Institute. 

t  Bi'MoTUhly  Bulletin,  No.  4,  July,  1905,  pp.  859  to  876. 

t  Bi-Monthly  Bulletinj  No.  4,  July,  .1905,  pp.  743  to  746. 

?  Bi-Monthly  Bulletin,  No.  5,  September,  1905,  pp.  1097  to  1106. 

II  Bi-Monthly  BuUetin,  No.  5,  September,  1905,  pp.  1079  to  1090. 
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LIBRARY. 

Report  of  the  Library  Committee. 
To  the  Board  of  Directors  : 

Gentlemen : — The  Library  Committee  begs  to  submit  the  fol- 
lowing report  for  the  year  ending  December  81,  1905. 

The  Committee  has  deemed  it  advisable  not  to  propose 
during  the  year  any  change  of  method  or  practice  in  the  ad- 
ministration of  the  library,  which  has  been  consequently  con- 
tinued, under  the  general  superintendence  of  the  Secretary, 
and  with  the  assent  of  the  Committee,  as  it  existed  at  the  time 
of  the  incorporation  of  the  Institute.  That  system,  in  the 
opinion  of  the  Committee,  was  well  adapted  to  the  circum- 
stances, though  certain  questions  of  growing  importance  would 
undoubtedly  call  for  future  consideration.  Among  these,  the 
most  important,  perhaps,  were :  the  extent  and  conditions  of 
the  "  exchange  list "  and  the  "  free  list,"  of  both  the  Bi-Monthly 
Bulletin  and  the  volumes  of  Transactions  ;  and  the  purchase  of 
books,  and  the  subscription  to  periodicals,  not  obtainable  by 
exchange,  yet  deemed  essential  to  the  completeness  of  the 
library. 

As  to  both  of  these,  immediate  action  was  deemed  unadvis- 
able,  for  the  following  reasons : — 

1.  In  view  of  the  removal  of  the  Institute  library,  in  the 
near  future,  to  the  Carnegie  Engineering  Building,  it  is  not 
desirable  to  alter  the  present  list  of  exchanges,  since  it.  is  to 
be  anticipated  that,  after  that  event,  the  exchange-lists  of  the 
Societies  of  Mechanical  and  Electrical  Engineers  will  be  so 
modified,  together  with  that  of  the  Institute,  as  to  avoid  un- 
necessary duplication. 

2.  In  view  of  the  same  event,  and  of  the  consequent  present 
uncertainty  as  to  the  amount  of  money  which  the  Institute  will 
be  able  thereafter  to  expend  upon  the  increasing  and  perfect- 
ing  of  its  library,  it  is  not  desirable,  at  present,  to  enter  upon 
new  plans  for  such  expenditure. 

In  accordance  with  these  views  of  the  Committee,  the  "  free- 
list"  of  the  Institute  (i.e.,  the  list  of  institutions,  societies, 
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libraries,  etc.,  to  which  publications  are  seut  without  adequate 
return  in  kind)  has  not  been  increased  during  the  past  year ; 
and  the  exchange-list  has  probably  experienced  little  or  no  net 
increase,  the  addresses  added  for  good  reasons  being  counter- 
balanced by  those  struck  out,  for  reasons  equally  valid.  And 
the  amount  of  $299.21,  expended  between  January  9  and  De- 
cember 31,  1905,  according  to  the  Treasurer's  report,  on 
"library  additions,"  comprises  such  expenditures  as  were 
deemed  by  the  Secretary  immediately  desirable  and  impor- 
tant. 

8.  In  addition  to  the  foregoing  considerations,  the  Commit- 
tee felt  that,  before  the  formation  of  plans  for  the  future,  it 
was  well-nigh  indispensable  to  have  a  complete  statement  of 
the  past  history  and  present  condition  of  the  Institute  library. 

Before  July,  1901,  the  library  consisted  only  of  such  files  as 
had  been  accumulated  since  the  burning  of  Pardee  Hall,  at 
Easton,  Pa.,  in  1879,  in  which  conflagration  the  precious  files 
were  destroyed ;  and  it  was  regarded  simply  as  a  convenient 
adjunct  to  the  work  of  the  Secretary  in  editing  the  Transdc- 
turns.  Between  1901  and  1905  it  was  largely  increased  from 
other  sources,  yet  without  change  in  its  pra<3tical  status.  No 
official  reports  concerning  it  were  presented  to  the  CounciL 
Consequently,  this  Committee  found  no  previous  official  state- 
ments which  could  be  used  as  a  basis  for  its  own  further  in- 
quiries and  suggestions. 

This  deficiency  has  been  repaired  by  the  admirably  clear  and 
thorough  report  of  Miss  L.  E.  Howard,  Librarian  of  the  Insti- 
tute, which  the  Committee  takes  pleasure  in  transmitting  to  the 
Board  with  this  report,  and  in  connection  with  which  the  Com- 
mittee desires  to  say  that,  through  the  skill,  devotion,  tact  and 
tireless  industry  of  Miss  Howard,  exercised  in  the  attainment 
of  personal  knowledge  of  the  contents  of  the  books  and  peri- 
odicals in  the  library,  the  acquisition  of  material  requisite  for 
the  completion  of  defective  series  of  valuable  periodicals,  the 
preparation  of  a  thorough  and  well-arranged  card-catalogue» 
and  the  intelligent  personal  guidance  given  to  consulting  visi-* 
tors,  the  library  of  the  Institute  has  become  already  known  as 
a  remarkably  complete  and  useful  repertory  of  modern  science 
and  practice  in  the  departments  which  it  represents,  and  is  vis- 
ited daily  by  many  students  in  those  departments. 
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The  Committee  heartily  recommeQds  to  the  Board  an  official 
recognition  of  the  devotion,  industry  and  skill  of  the  Librarian. 

James  F.  Kemp, 
Chas.  H.  Snow, 
R.  W.  Raymond, 

Library  Committee. 

Report  of  the  Librarian. 
The  following  report,  transmitted  by  the  Library  Committee, 
was  accepted  by  the  Board  of  Directors,  and,  by  a  resolution, 
unanimously  adopted,  the  thanks  of  the  Board  were  expressed 
to  the  Librarian  for  her  devoted  and  skillful  discharge  of  the 
complicated  and  onerous  duties  of  her  position. 

Report  of  the  Library  from  July,  1901,  to  December  31, 

1905. 
To  the  Library  Committee  : 

Prior  to  July,  1901,  the  library  of  the  Institute  consisted  of 
the  bound  volumes  of  periodicals  received  in  exchange  for  the 
Transactions^  together  with  a  few  important  works  of  reference, 
amounting  in  all  to  some  8,273  titles  and  about  3,600  volumes, 
1,673  pamphlets  and  500  maps.  The  exact  number  cannot  be 
fixed  accurately,  for  the  reason  that  many  scientific  books,  be- 
longing to  the  Secretary  personally,  were  included  in  the  col- 
lection as  necessary  to  his  editorial  work,  while  no  separate 
catalogue  was  made  of  those  which  were  actually  the  property 
of  the  Institute.  Dr.  Raymond's  subsequent  gift  of  these  books 
and  also  of  the  rest  of  his  professional  library  removed  this 
distinction  of  ownership,  and  increased  the  number  to  4,099 
titles  and  4,600  volumes.  After  the  death  of  Mr.  Alfred  Ray- 
mond, the  son  and  accomplished  assistant  of  the  Secretary,  Mr. 
John  Hays  Hammond,  having  purchased  the  libraries  of  the 
late  R.  P.  Rothwell  and  of  the  late  Clarence  King,  presented 
them  to  the  Institute  as  a  memorial  of  his  friend  Alfred  Ray- 
mond. The  books  comprised  in  these  three  libraries  are  suit- 
ably marked  by  book-plates  as  belonging  to  the  Alfred  Raymond 
Memorial,  and  aggregate  6,980  titles,  5,811  volumes,  3,860 
pamphlets  and  325  maps. 

Among  the  very  valuable  geological  works  in  Mr.  King's 
library  were  many  volumes  of  periodicals  and  publications  of 
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societies,  which,  added  to  those  already  on  our  shelves,  supple- 
mented, and  in  a  number  of  cases  completed,  the  sets.     The 
following  may  be  mentioned : — 
*Annales  des  Mines,  121  volumes. 

*  American  Journal  of  Science,  192  volumes. 

Archiv  filr  Mineralogie,  Geognosie,  Bergbau  und  Hutienkunde, 
26  volumes. 

British  Association  for  the  Advancement  of  Science,  44  vol- 
umes. 

*  Geological  Society  of  London,  52  volumes. 
"^  Journal  des  Mines,  40  volumes. 
"^Nature,  55  volumes. 

Neues  Jahrbuch  fur  Mineralogie,  Geologic,  etc.,  36  volumes. 
Petermann^s  Geographische  Mittheilungen,  47  volumes. 
Philosophical  Magazine,  162  volumes. 

Poyal  Society  of  London.  Philosophical  TVansactions,  abridged, 
12  volumes ;  unabridged,  81  volumes. 

Catalogue  of  Scientific  Papers,  5  volumes. 

Bulletin  de  la  Sociiti  Giohgique  de  France,  60  volumes. 
Mr.  Rothwell's  library,  with  the  exception  of  a  complete  set 
of  the  Engineering  and  Mining  Journal,  contained  general  works 
on  engineering  subjects  in  French  and  English. 

In  1902  Mr.  Anton  Eilers  presented  113  volumes  of  Ding- 
ler's  Polytechnisches  Journal  (including  two  volumes  of  indices). 
The  private  engineering  library  of  Mr.  William  Van  Slooten, 
a  deceased  member  of  the  Institute,  was  donated  by  his  wife 
in  1903,  with  the  request  that  the  collection  be  inscribed  with 
the  donor's  name. 

Through  the  generosity  of  Mr.  J.  H.  Harden,  a  member,  the 
library  was  able  to  complete  partially  its  set  of  the  Transactions 
of  the  North  of  England  Institution  of  Mining  and  Mechanical 
Engineers.  He  supplemented  this  gift  with  the  early  volumes 
of  the  Transactions  of  the  Chesterfield  and  Derbyshire  Institute  of 
Mining,  Civil  and  Mechanical  Engineers,  and  with  several  volumes 
of  books  on  mineralogy,  mining  and  geology. 

The  Engineering  and  Mining  Journal  contributed  250  volumes 
(bound  and  unbound)  and  880  pamphlets  in  1904.  By  this  do- 
nation the  library  acquired  a  large  number  of  State  geological 
publications  which  had  been  out  of  print  for  years. 

*  Complete. 
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Dr.  James  Douglas,  in  1906,  presented  the  Canadian  Natural- 
ist and  Geologist  (11  vols.);  Proceedings  of  the  American  Associor 
Han  of  Arts  and  Science  (8  vols) ;  and  the  Proceedings  of  the 
American  Association  for  the  Advancement  of  Arts  and  Scienjce  (21 
vols.). 

Mr.  Theodore  Dwight  donated  a  miscellaneous  collection  on 
electrical  subjects,  comprising  192  pamphlets;  118  photo- 
graphs; 257  blue  prints;  24  maps  and  3  specifications;  to- 
tal, 594. 

Following  is  a  list  of  donors  to  December  81,  1905: — 


Bichard  Akerman. 

J.  G.  Agoilera. 

American  Mining  Congress. 

B.  Anderton. 

L.  E.  Auborj. 

Mr.  and  Mrs.  S.  P.  Avery. 

D.  M.  Barringer. 

Bichard  Beck. 

J.  M.  BeL 

B.  J.  Bestor. 
Mr.  BidwelL 

Black  Hill's  Mining  Men's  Association. 
A.  A.  Blair. 

Prof.  WUliam  P.  Blake. 
Prof.  William  Borchers. 
Boston  Testing  Laboratories. 
Bowdoin  College  Library. 
Prof.  John  C  Branner. 
British  Moseum. 
Bennett  H.  Brough. 
Canadian  Patent  Office. 
Carnegie  Library  of  Pittsburgh. 
Carnegie  Steel  Company. 
R  R  Chism. 
Prof.  Samuel  B.  Christy. 
A.  L.  Colby. 

Commiss&o   do    Service    Geologico    de 
Portugal 

F.  G.  Corning. 
£.  Daggett 

C.  D.  Demond. 
Prof.  F.  G.  Doeltz. 
Vve  C.  H.  Dunod. 

G.  Eiffel. 

Engineering  Standards  Committee. 

A.  Faber  du  Faur. 

B.  F.  Fackenthal,  Jr. 


B.  Forrester. 

Prof.  Chas.  H.  Fulton. 

W.  J.  Fumival. 

Greological  Commission  of  the  Cape  of 

Good  Hope. 
Geological  Survey  of  Maryland. 
German  Imperial  Patent  Office. 
H.  P.  GiUette. 
Gliickauf. 
H.  A.  Gordon. 
Great  Britain  Patent  Office. 
U.  S.  Grant 
L^n  Guillet. 
Eugene  Haanel. 
B.  A.  Hadfield. 
Hans  Hofer. 
L.  E.  Howard. 
Prof.  Henry  M.  Howe. 
Imperial  German  Consulate,  New  York 

City. 
Department  of  Geology  and  Natural  Be- 

sources  of  Indiana. 
Iron  Age. 

Iron  and  Steel  Institute. 
Jeffrey  Mfg.  Company. 
John  Crerar  Library. 
F.  A.  Jones. 

Jones  and  Laughlin  Company. 
Prof.  James  F.  Kemp. 
Eonigliche  Technische  Hochschule  zu 

Aachen.  * 

Eoniglich    Preussischen    G^logischen 

Landesanstalt  und  Bergakademie  zu 

Berlin. 
R  G.  Leckie. 
Dr.  Albert  B.  Ledouz. 
David  Levat 
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Henri  Le  Chatelier. 
Library  of  Congress. 
Library  of  Princeton  College. 
J.  B.  Lippincott  Company. 

A.  Liveridge. 

B.  W.  Lodge. 
Prof.  N.  W.  Lord. 
Frank  Lyman. 
W.  A.  McLeod. 

The  Macmillan  Company. 

A.  Martens. 

Massachusetts  State  Library. 

J.  H.  Mayo. 

Mechanics'  Institute  of  San  Francisca 

G.  P.  Merrill. 

Minnesota  Geological  and  Natural  His- 
tory Survey. 

Bichard  G.  Moldenke. 

R  S.  Morison. 

Prof.  A.  J.  Moses. 

A.  Neuberger. 

North  of  England  Institute  of  Mining 
and  Mechanical  Engineers. 

F.  Osmond. 

James  Park. 

E.  W.  Parker. 

Peabody  Institute,  Baltimore. 

Pencoyd  Iron  "Works. 

Pennsylvania  B.  R  Company. 

Prof.  G.  H.  Perkins. 

Prof.  Bobert  H.  Bichards. 

L.  D.  Bicketts. 

Prof.  Heinrich  Bies. 

J.  G.  Boby. 

£.  F.  Boeber. 


W.  L.  Saunders. 

Sauveur  and  Whiting.- 

Secretaria  de  Fomento  de  Mexico. 

W.  J.  Sharwood. 

F.  H.  Smith. 

Smithsonian  Institution. 

Prof.  H.  L.  Smyth. 

Prof.  Charies  H.  Snow. 

Joseph  Squire. 

H.  H.  Stoek. 

Dr.  Joseph  Struthers. 

W.  C  Stubbs. 

James  Swank. 

A.  Thacher. 

Thomas  Iron  Company. 

United  States  Census  Department. 

United  States  Patent  Office. 

United  States  War  Department 

University  of  Oregon. 

University  of  Wyoming. 

Prof.  C.  B.  Van  Hise. 

D.  Van  Nostrand  Company. 

Verein  Deutscher  Ingenieure. 

Verein  fiir  die  Bergbaulichen  Interessen 
im  Oberbergamts  Bezirk  Dortmund. 

Otto  Vogel. 

H.  L.  Vogt 

Dr.  Leonard  Waldo. 

T.  L  Watson. 

John  Wiley  and  Sons. 

Gardner  F.  Williams. 

Wisconsin  Geological  and  Natural  His- 
tory Survey. 

Yaqui  Copper  Company. 


The  library  contained,  up  to  the  end  of  December  81,  1905, 
15,350  titles;  14,820  volumes ;  1,084  maps;  6,413  pamphlets; 
277  blue  prints ;  137  plans  and  diagrams ;  221  photographs ;  651 
portraits;  and  29  charts;  making  a  total  collection  of  23,682. 


Library  Statistics. 


Pamph- 

Miscel- 

Tiaes. 

Vols. 

lets. 

Maps. 

Photographs. 

laneous. 

Old  Library,    .    . 

8,278 

8,600 

1,678 

500 

Alfred 'RaymoDd 

Memorial,    .    . 

6,980 

6,811 

8,860 

825 

Van  Slooten   Li- 

brary, .    .    .-  . 

625 

•      650 

Other  DonatiODB, 

2,224  • 

2,562 

70 

/221pho. 

f  187  plans. 
\  29charu 

i  651  por. 

^277  blue  prints 

Vols,  bound,    .    . 

750 

1.188 

Purchases,  .   .   . 

682 

759 

4 

Gift  from  E.  and 

M.  Journal,  .    . 

816 

250 

880 

185 

16,850 

14,820 

6,418 

1,084 

1,149 

166 
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Summary, 

Volumes, 14,820 

Pamphlets, 6,413 

Maps 1,084 

Photographs, 221 

Portraits, 661 

Blue  prints, 277 

Plans 137 

Charts, 29 

23,632 
Duplicates, 963 

24,595 

Three  boxes  of  duplicates  are  in  storage  in  Brooklyn,  while 
the  remainder  have  been  wrapped  and  shelved  in  the  library. 
Sale  duplicate-slips  have  been  made  for  the  entire  collection. 

A  card-catalogue  (author,  subject  and  title)  is  in  course  of 
preparation  and  is  almost  completed.  The  Library  of  Congress 
cataloguing-cards  (representing  'the  subjects  of  Metallurgy, 
Mining,  Geology  and  Mineralogy)  have  been  used  for  the  au- 
thor-entry of  all  books  in  the  library.  The  remaining  cards  are 
filed  with  the  technical  bibliographical  list  of  publications  not 
in  the  library. 

All  of  the  bound  volumes  have  been  classified  by  the  Dewey 
Decimal  Classification  System,  excepting  those  in  Room  47. 
A  numerical  shelf-arrangement  is  followed  in  this  room,  run- 
ning from  100  to  1,000. 

The  pamphlets  are  closely  classified  by  the  above  system  and 
arranged  on  the  shelves  in  pamphlet-boxes,  labeled  with  class- 
number  and  contents.  The  most  important  will  be  bound 
singly  or  in  groups,  according  to  subjects,  and  incorporated 
into  the  library. 

Beside  the  works  on  geology,  metallurgy,  mining  and  miner- 
alogy, there  are  several  hundred  volumes  embracing  mathemat- 
ics, physics,  chemistry,  economics,  geography  and  travel,  which 
were  added  by  donation. 

There  are  367  periodicals  and  publications  of  societies,  which 
are  received  in  exchange  for  the  TVansactions  and  the  Bi- 
Monthly  Bulletin^  by  subscription,  and  by  gift,  as  follows : — 

By  exchange  for  TranMCtionSf 115 

Bj  exchange  for  Bi-Monthly  BvUetinj        ,        .        .        .        .  134 

By  exchange  B%'M<mthly  BuUeHn  and  Transactions,  ...  69 

By  gift, 27 

By  subscription, 22 
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Two  years  ago  a  color-scheme  of  classification  was  adopted 
for  binding  the  periodicals,  and  has  given  satisfaction.  Each 
periodical  is  bound  in  a  shade  of  cloth,  representing  its  sub- 
ject, while  its  nationality  (that  is,  French,  German,  English, 
etc.)  is  indicated  by  the  color  of  leather  used  for  the  binder's 
title. 

The  following  losses  of  books  are  reported  : — 

Brush,  Manual  of  Determinative  Mineralogy,  Edition  14, 

1896  ;  Edition  16,  1904. 
Dana,  System  of  Mineralogy,  Edition  6,  1896. 
Eresenius,  Manual  of  Qualitative  Chemical  Analysis,  1902. 
Guanajuato  Consolidated  Mining  and  Milling  Co.  Gold 
and  Silver  Mines  and  Mills  ....  in  and  near  Guanaju- 
ato, N.  Y.,  n.  d. 
Moreing  and  Neil,  New  General  and  Mining  Code,  cop.  2. 
Ostwald,  Inorganic  Chemistry,  translated  by  Pindlay,  1902. 
Phillips,  J.  A.,  Metallurgy  and  Mining  of  Gold  and  Silver, 

1867. 
Raymond,  Glossary  of  Mining  and  Metallurgical  Terms, 
cop.  1. 

Historical  Sketch  of  Mining  Law,  cop.  1. 

The  percentage  of  books  lost  is  relatively  small  when  com- 
pared with  the  figures  of  other  libraries.  The  open-shelf 
system  has  been  in  vogue,  but  for  the  present  it  has  been  de- 
cided to  withdraw  the  privilege  of  freely  consulting  the  stacks 
in  room  49. 

No  statistics  of  the  attendance  in  the  library  were  kept  prior 
to  June,  1902.  The  following  figures  cover  the  years  1902 
(June-December)  to  1905  inclusive ;  1902,  160 ;  1908,  275 ; 
1904,  798;  and  1906,  712.  The  increase  for  1904  was  probably 
due  to  the  Annual  Meeting  of  the  Iron  and  Steel  Institute  in 
New  York  City. 

The  collection  of  poilraits  of  members  of  the  Institute  which 
were  used  for  the  collective  photograph,  have  been  filed  alpha- 
betically in  vertical  filing  cabinets. 

The  trade-catalogues,  of  which  the  library  possesses  about 
seven  hundred  copies,  have  been  classified  by  subject  and  ar- 
ranged in  pamphlet  boxes.  An  alphabetical  index  of  the  manu- 
facturing firms  represented  has  been  written,  to  supplement  the 
subject-classification. 
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It  18  asked  that  an  appropriation  be  made  for  the  purchase 
of  back  volumes  of  the  following  periodicals : — 


Annales  des  Mines  de  Belgique. 

Berg-tmd  Huttenmannische  Zeitung. 

Berichte  der  Deutsche  Chemische  Ges- 
eUflchaft. 

Gliickauf. 

Jem  Eontorets  Annaler. 

Joarnal  and  Proceedings  Chemical  So- 
ciety of  London. 

Journal  of  the  Society  of  Chemical  In- 
dustry. 

Neues  Jahrbuch  fiir  Minendogie  G^g- 
Dosie,  Geologic  und  Petrefakten- 
kunde. 


Oesterreichische  Zeitschrlft   fiir   Berg- 

und  Huttenwesen. 
Proceedings  of  the  Institution  of  Civil 

Engineers. 
Stahl  und  Eisen. 
Transactions  of  the  North  of  England 

Institute  of  Mining  and  Mechanical 

Engineers. 
Zeitschrift  fur  angewandte  Chemie. 
Zeitschrift  fiir  anorganische  Chemie. 
Zeitschrift    des    deutsche   Geologische 

Gesellschaft. 


The  complete  list  of  current  periodicals  in  the  library  and 
publications  received  from  societies  and  government  sources, 
revised  to  the  end  of  1906,  is  here  given : — 


American  Association  for  the  Advance- 
ment of  Science. 

American  Electrochemical  Society. 

American  Engineer  and  Bailroad  Jour- 
nal. 

American  Foundrymen's  Association. 

American  Geologist 

American  Institute  of  Architects. 

American  Institute  of  Electrical  Engi- 
neers. 

American  Inventor. 

American  Iron  and  Steel  Association. 

American  Journal  of  Science. 

American  Machinist. 

American  Manufacturer  and  Iron 
World. 

American  Museum  of  Natural  History. 

American  Society  for  Testing  Materials. 

American  Society  of  Civil  Engineers. 

American  Society  of  Mechanical  Engi- 
neers. 

Annales  des  Mines  de  Belgique. 

Annales  des  Mines. 

Annalen  fur  Gewerbe  und  Bauwesen. 

Architekten  und  Ingenieur  Vereins  zu 
Hannover. 

Asociadon  de  Ingenieros  y  Arquitectos 
de  Mexico. 

Association  des  Ingenieurs  Sortis  de 
Pecole  de  Lidge. 


Association  of  Engineering  Societies. 

Australasian  Institute  of  Mining  Engi- 
neers. 

Australian  Mining  Standard. 

Austria  Ackerbauministerium. 

Die  Bergakademie  zu  ClausthaL 

Bibliographic  mensuelle  des  Sciences  et 
de  r  Industrie. 

Black  Diamond. 

Boletin   de  Cuerpo    de  Ingenieros  de 
Minas  de  Peru. 

Boletin  del  Ministerio  de  Obras  Pub- 
licas,  de  Argentine  Bep. 

Boletin  de  la  Secretaria  de  Fomento. 

Boletin  des  Minas,  Peru. 
i  Boston  Public  Library. 
'  Boston  Society  of  Civil  Engineers. 

Bowdoin  College  Library. 
I  Brass  World  and  Platers  Guide. 
i  British  Columbia  Mining  Record. 

British  Guiana.    Department  of  Lands 
and  Mines. 

British  Iron  Trade  Association. 

British  Museum  (Mineral  Department). 
I  Bucherei  des  Eaiserlichen  Patentamts. 
I  Bureau  of  Mines,  Victoria. 
I  California  Academy  of  Sciences. 

California  Journal  of  Technology. 
,  California  Miner's  Association. 
!  California  State  Mining  Bureau. 
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Canadian  Institute. 

Canadian  Mining  Institute. 

Canadian  Mining  Review. 

Canadian  Patent  Office. 

Canadian  Society  of  Civil  Engineers. 

.Carnegie  Library  of  Pittsburgh. 

Cassier's  Magazine. 

Chamber  of  Mines  of  Victoria. 

Chemical  and  Metallurgical  Society  of 
South  Africa. 

Chemical  Kews  and  Journal  of  Physical 
Science. 

Chemiker-Zeitung. 

Coal  Trade  Journal. 

Colliery  Guardian. 

Colorado  School  of  Mines. 

Columbia  University  Library. 

Comity  des  Forges  de  France. 

Commissfto  do  Service  Geologico  de 
Portugal. 

Conservatoire  National  des  Arts  et  Me- 
tiers. 

Consular  Reports,  Department  of  Com- 
merce and  Labor,  U.  S. 

Cornell  University  Library. 

Dartmouth  College. 

Deutsche  Chemische  Gesellschaft 

Deutscher  Leseverein  under  K.  E.  Berg- 
akademie. 

Durham  College  of  Science. 

L'Echo  des  Mines  and  de  la  Metallurgie. 

Economic  Geology. 

Edinburgh  G^logical  Society. 

Eisen  Zeitung. 

Electrochemical  and  Metallurgical  In- 
dustry. 

Electro<!;hemiBt  and  Metallurgist. 

L'  Electrochimie. 

Elektrochemische  Technik. 

Elektro-Chemische  Zeitschrift 

Engineer. 

Engineering. 

Engineering  Association  of  New  South 
Wales. 

Engineering  Association  of  the  South. 

Engineering  and  Mining  JoumaL 

Engineering  Magazine. 

Engineering  News. 

Engineering  Press  Monthly  Index  Re- 
view. 

Engineering  Record. 

Engineering  Review. 


Engineering  Standards  Committee. 

Engineers  Club  of  Philadelphia. 

Engineers  Society  of  Western  Pennsyl- 
vania. 

Field  Columbian  Museum. 

Fortschritte  der  Elektrotechnik. 

Forestry  and  Irrigation. 

Foundry. 

Franklin  Institute. 

General  Electric  Company. 

Geological  and  Natural  History  Survey 
of  Connecticut. 

Geological  Society  of  America. 

Geological  Society  of  London. 

Geological  Society  of  South  Africa. 

Geological  Survey  of  Alabama. 

Geological  Survey  of  Canada. 

Geological  Survey  of  Georgia. 

Geological  Survey  of  India. 

Geological  Survey  of  Louisiana. 

Geological  Survey  of  New  Jersey. 

Geological  Survey  of  New  Zealand. 

Geological  Survey  of  Ohio. 

Geological  Survey  of  Vermont. 

Giesserei-Zeitung. 

Gluckauf. 

Great  Britain  Mineral  Statistics  Branch. 

Great  Britain  Patent  Office. 

Harvard  University. 

Historical  and  Scientific  Society  of 
Manitoba. 

Imperial  Geological  Survey,  Japan. 

Imperial  Institute  of  the  United  King- 
dom. 

Imperial  University,  Engineering  Col- 
lege, Japan. 

Indian  Engineering. 

(De)  Ingeneiur. 

V  Industrie  Electro-Chimique. 

Institut  Royal  Gtologique  de  Suede. 

Institut  des  Mines,  Russie. 

Institution  of  Civil  Engineers. 

Institution  of  Electrical  Engineers. 

Institution  of  Engineers  and  Ship- 
builders in  Scotland. 

Institution  of  Mechanical  Engineers. 

Institution  of  Mining  and  Metallurgy. 

Institution  of  Mining  Engineers. 

Institution  of  Naval  Architects. 

Institute  Gtologica  de  Mexico. 

International  Bureau  of  American  Re- 
publics. 
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Iowa  Geological  Survey. 

Iron  Age. 

IroD  and  C!oal  Trades  Review. 

Iron  and  Steel  Institute. 

Iron  and  Steel  Magazine. 

Iron  and  Steel  Trades  Journal. 

Ironmonger. 

Jaarboek  van  het  Mijuwezen. 

Jahrbuch  der  K.  E.  Bergakademie  zu 
Leobren  und  Pribram. 

Jahrbuch  der  Konigliche  Geologische 
Landesanstalt. 

Jahrbuch  der  E.  K.  Geologischen 
Beichsanstalt 

Jem  Eontorets  Annaler. 

John  Crerar  Library. 

John  Hopkins  University. 

Journal  of  the  American  Chemical  So- 
ciety. 

Journal  de  1' Electrolyse. 

Journal  of  Geology. 

Journal  of  U.  S.  Artillery. 

Junior  Institution  of  Engineers. 

Eentucky  Geological  Survey. 

Eings  College. 

Eonigliche  Bergakademie  zu  Freiberg. 

Konigliche  Oberbergamt  zu  Breslau. 

Lake  Superior  Mining  Institute. 

Lead  and  Zinc  News. 

Lehigh  University. 

Library  of  Congress. 

Library  of  Museum  of  Comparative 
Zoology,  ECarvard  University. 

Library  of  Parliament,  Ottawa,  Can. 

Liverpool  Engineering  Society. 

Machinery. 

McGill  University. 

Manchester  Association  of  Engineers. 

Manchester  Geological  and  Mining  So- 
ciety. 

Maryland  Geological  Survey. 

Massachusetts  Institute  of  Technology. 

Mechanics'  Institute  Library,  San  Fran- 
cisco. 

Metal  Industry. 

(Die)  Metallarbeiter. 

Metallurgie,  Halle,  Germany. 

(La)  Metallurgie,  Paris,  France. 

Michigan  College  of  Mines. 

Michigan  Geological  Survey. 

Military  Service  Institution. 

Mineralogical  Society. 


Mines  and  Minerals. 

Mining. 

Mining  Bureau,  Manila,  Philippine 
Islands. 

Mining  Engineering. 

Mining  Institute  of  Scotland. 

Mining  Journal,  Railway  and  Commer- 
cial Gazette. 

Mining  Magazine. 

Mining  Reporter. 

Mining  Review  and  Metallurgist 

Mining  and  Scientific  Press. 

Mining  Society  of  Nova  Scotia. 

Mining  World. 

Missouri  Geological  Survey. 

Missouri  School  of  Mines  and  Metal- 
lurgy. 

Mittheilungen  der  K.  K.  Technologia- 
chen  Gewerbe  Museums  in  Wien. 

Le  Mois  Scientifique  et  IndustrieL 

Modem  Mexico. 

Mysore  Geological  Department,  India, 
Memoirs. 

National  Geographic  Magazine. 

New  South  Wales,  Department  of  Mines. 

New  York  Academy  of  Sciences. 

New  York  Public  Library. 

New  York  State  Library. 

New  Zealand  Institute. 

New  Zealand  Mines  Record. 

(Den)  Norske  Ingeniorog  Arketekt 
Forening  og  den  Polytekniske  Fore* 
ning. 

North  Carolina  Geological  Survey. 

North  Dakota  Geological  Survey. 

North  of  England  Institute  of  Mining 
and  Mechanical  Engineers. 

NovaScotian  Institute  of  Natural  Science. 

OeeterreichiBche  Zeitschrifl  fur  Berg 
und  Hiittenwesen. 

Oesterreichische  Ungarische  Montan- 
und  Metallindustrie  Zeitung. 

Official  Year  Book,  New  Zealand. 

Ohio  State  University. 

Ontario  Department  of  Mines. 

Ores  and  Metals. 

Page's  Weekly. 

Peabody  Institute. 

Philadelphia  Commercial  Museum. 

Pittsburgh  Library  Association. 

Polytechnic  Institute. 

Providence  Public  Library. 
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Queensland  Department  of  Mines. 

Queensland  Government  Mining  Jour- 
nal. 

Queen's  Quarterly. 

Bailway  and  Engineering  Review. 

Rassegna  Mineraria. 

lUale  Comitato  geologico  d' Italia. 

Rensselaer  Polytechnic  Institute. 

Revista  Minera. 

Report  of  the  Chief  Inspector  of  Mines 
in  India. 

Report  of  the  Department  of  Geology 
and  Natural  Resources  of  Indiana. 

Report  of  the  Inspector  of  Mines  of 
Nova  Scotia. 

Report  of  Montana  State  Mine  Inspector. 

Revue  de  Mecanique. 

(La)  Revue  de  M^tallurgie. 

( La)  Revue  Mineralurgique. 

La  Revue  Technique. 

Revue  Universille  des  Mines. 

Rhodesia  Chamber  of  Mines. 

Royal  Society  of  New  South  Wales. 

Royal  Society  of  Victoria. 

Russian  Imperial  Tech.  Society. 

School  of  Mines,  University  of  Minn. 

School  of  Mining,  Kingston,  Canada. 

Science. 

Science  Abstracts. 

Sheffield  Scientific  School. 

Smithsonian  Institution. 

Sociedad  Cientifica  **  Antonio  Alzate." 

Sociedad  Geologica  Mexicana. 

Sociedad  Nacional  de  Mineria. 

Societa  Toscana  di  Scienze  Naturali. 

Soci^t^  d' Encouragement  pour  P  Indus- 
trie Nationale. 

Soci^t^  Chimique  de  Paris. 

Soci^t^  Geologique  de  France. 

Soci^td  Geologique  de  Belgique. 

Soci^t^  Geologique  du  Nord. 

Soci^t^  de  r  Industrie  Minerale. 

Soci^t^  des  Ingenienrs  Civils  de  France. 

Society  of  Arts. 

Society  of  Chemical  Industry. 

Society  of  Engineers. 

South  African  Association  of  Engineers. 

South  African  Engineering. 

South  African  Mines,  Commerce  and 
Industries. 

South  African  School  of  Mines. 

South  Carolina  Greological  Survey. 


South  Dakota  School  of  Mines. 

Stahl  und  Eisen. 

Staffordshire  Iron  and  Steel  Institute. 

State  Library  of  Massachusetts. 

State  University  of  lowu. 

Statistisches  Jahrbuch  der  Kaiserliches 

StatistiKches  Amt. 
Stevens  Indicator. 
Tasmanian  Secretary  for  Mines. 
Technical  World. 
Technische  Hochschule,  Library. 
Technische  Literatur. 
Technology  Quarterly. 
Teknisk  Tidskrift 
Teknisk  Ugeblad. 
Tekniske  Forening  Tidsskrift. 
Transvaal  Department  of  Mines. 
L' Union  des  Charbonnages. 
U.  S.  Bureau  of  Standards. 
U.  S.  Census  Office. 
U.  S.  Department  of  Agriculture. 
U.  S.  Engineers  School. 
U.  S.  Geological  Survey. 
U.  S.  Mint. 
U.  S.  Naval  Institute. 
U.  S.  Official  Postal  Guide. 
U.  S.  Ordnance  Department 
U.  S.  Patent  Office. 
U.  S,  War  Department. 
University  Geological  Survey,  Kansas. 
University  of  Alabama. 
University  of  Arizona. 
University  of  California. 
University  of  Illinois. 
University  of  Michigan. 
University  of  Nebraska. 
University  of  Oregon. 
University  of  Otago. 
University    of    Pennsylvania,    Science 

Department 
University  of  Tennessee. 
University  of  Texas. 
University  Library  of  Upsala. 
University  of  Wyoming. 
Vassar  Brothers  Institute. 
Verein  deutscher  Eisenhuttenleute. 
Verein  Deutscher  Ingenieure. 
Vereins  fiir  die  bergbaulichen  Interes- 

sen  im  Obergamtsbezirk  Dortmund. 
Washington  Geological  Survey* 
Washington  University. 
West  of  Scotland  Iron  and  Steel  Institute 
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Western  Australia  Department  of 
Mines. 

Western  Bailwajr  Clab. 

Western  Society  of  Engineers. 

Wisconsin  Geological  and  Natural  His- 
tory Survey. 

Worcester  Polytechnic  Institute. 

Yale  University.  . 


Yorkshire  College. 

Zeitschrift  fur  Angewandte  Chemie. 

Zeitschrif t  fur  Anorganische  Chemie. 

ZeiUlbhrift  fur  Bergrecht 

kitsch  rift   fur    das    Berg-hiitten    und 

Salinen-Wesen  im  Preus.    Staate. 
Zeitschrift  f ilr  Elektrochemie. 
Zeitschrift  fur  Praktische  Geologic. 


The  Iron  Trade  Review  was  dropped  iti  August,  1905. 

Stone  was  discontinued  in  1904;  no  longer  published. 

Brazilian  Mining  Review  ceased  its  publication  in  May,  1904. 

Technics  ceased  its  publication  in  August,  1905. 

American  Geologist  was  incorporated  with  Economic  Geology  in 
January,  1906. 

Berg  und  Huitenmdnnische  Zeitung  was  incorporated  with 
Gluckaufm  January,  1905. 

Telepfione  Magazine  was  merged  in  Telephony  in  August,  1905. 

I  would  emphasize  the  great  need  in  the  library  of  modern 
authorities  on  inorganic  and  metallurgical  chemistry,  mineral- 
ogy and  crystallography. 

Respectfully  submitted, 

L.  Elizabeth  Howard. 

Jaxuaby  16,  1906. 

Volumes  Lacking. 

The  following  volumes  are  needed  to  complete  sets  in  the 
library : 

Berg-  rmd  Hiittenmannische  Zeitung^  volumes  i.  to  xxi.,  inclu- 
sive. 

North  of  England  Institute  op  Mining  and  Mechanical 
Engineers,  Transactions^  volumes  xxiii.  to  xxvi.,  inclu- 
sive. 

Stahl  und  Eisen^  Nos.  1,  2,  3  and  4  of  vol.  i. ;  Nos.  8,  9, 11 
and  12  of  vol.  ii. ;  and  indexes  to  vols,  i.,  ii.  and  iii. 

Zeitschrift  fiir  Angewandte  Chemie^  Years  i.  to  xii. ;  xvi.  to 
xvii. 

Giesserei  Zeiiungy  Year  i.,  Nos.  1  to  17, 19-26 ;  Year  ii.,  Nos. 

1  to  6,  inclusive. 

Accessions. 

From  December  16,  1905,  to  February  15,  1906. 

Bennett  H.  Brough. 

Iron  and  Steel  Institute.    Journal,    Vol.  Ixviii.    8vo. 
London,  1906. 
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Bibliotheque  National  de  Bio  Janeiro. 

Calogbras,  J.  p.    As  Minos  do  Brasil.     8  vols.     8vo. 
Rio  de  Janeiro,  1904-'05. 
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SECTION  II. 

TECHNICAL  PAPERS  AND  DISCUSSIONS. 

[The  American  Institute  of  Mining  Engineers  does  not 
assume  responsibility  for  any  statement  of  fact  or  opinion 
advanced  in  its  papers  or  discussions.] 

A  detailed  list  of  the  papers  contained  in  this  section  is  given 
in  the  Table  of  Contents,  pages  i  and  ii. 


Comments  or  criticisms  upon  all  papers  given  in  this  sec- 
tion, whether  private  corrections  of  typographical  or  other 
errors  or  communications  for  publication  as  "Discussions,"  or 
independent  papers  on  the  same  or  a  related  subject,  are  earn- 
estly invited. 

Errata, 

The  following  corrections  and  additions  to  papers  contained 
in  Bi'Monthly  Bulletin  No.  7,  January,  1906,  were  received  too 
late  for  incorporation  in  the  text  of  said  papers ;  but  will  be 
introduced  in  their  proper  places  in  the  volume  of  the  TVans- 
actions.  These  corrections  are  here  published  in  order  to  bring 
them  promptly  to  the  notice  of  the  Institute. 

Page.         Line. 

Cover,  title-page  and  at  the  top  of  pages  in  the  preliminary 

section  "No.  1  "  should  be  " No.  7  ". 
1.     Bottom.     For  "Dr.  P.  H.  Shimer"  read  "Dr.  P.  W. 
Shimer  ". 
69.     Fig.  3.     "N"  of  compass-record  should  be  "S".     A 
new  block   for   this   illustration   has   been 
made  as  shown  on  p.  xxxviii  of  this  Bulletin. 
78.     3  from  bottom.     For  "  slope  "  read  "  stope.'' 
89.     Fig.  2,  small  diagram  in  upper  left-hand  corner.     Omit 
"use  60  ft.  to  1"  scaled     For  "Thro'  25C 
read  "Thro'  200".     Add  dotted  line  extend- 
ing from  upper  right-hand  corner  of  the  square 
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Page.  Line. 

to  a  point  on  the  base  line  one-fifth  the  dis- 
tance from  the  lower  right-hand  corner  towp,rd 
the  left. 

94.     15  from  bottom.     For  "gold,  82.9"  read  "gold,  82.8". 

94.  13  from  bottom.  Add  "For  brevity  we  shall  represent 
the  gold  index, — Au,  82.8,  and  the  silver  in- 
dex, Ag,  68.3  ".  (These  numbers  are  neces- 
sary to  explain  the  sand-indexes  given  on  Figs. 
2,  5,  and  6.) 

100.  Tables  11.,  III.,  and  IV.,  heading  of  last  column.     For 

"  Net  Profit "  read  "  Total  net  Profit ". 

101.  Table  V.,  third  column.     For  "Discharge  Pulp  Thick- 

ness "  read  "  Discharge  Pulp  Thickeners  ". 

103.  Bottom.     For  "  mill "  read  "  mills  ". 

106.  9.     For  "  follows  "  read  "  followed  ". 

106-  12.     For  "  functions  "  read  "  function  ". 

106.  10  from  bottom.     For  "Butters"  read  "Qwynne". 

.107.  9  from  bottom.     For  «  96  "  read  «  0.96." 

116.  1.     For  "  90  "  read  "  1,200  ". 

116.  4  from  bottom.     For  "  60  h.p."  read  "  6  h.p." 

127.  14.     For  "  lost  solution  "  read  "  last  solution  ". 

180.  23.     For     "precipitation"    read    "flow    through    the 

boxes  ". 

181.  17.     For  "  automatically  "  read  "  mechanically  ". 

(In  explanation  of  the  changes  in  pages  89  to  131,  it  should 
be  noted  that  the  author,  being  abroad,  did  not  have  an  oppor- 
tunity to  read  either  the  galley  or  the  page-proofs. — J.  S.)t 


The  following  correction   should  be  made  in  the  present 
number  of  the  BUMonthly  Bulletin. 
Page.     Line. 
2.86.     9.     For  "London,  England,"  read  "Scranton,  Pa." 
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New  map  to  replace  Fig.  3  of  Mr.  Bateson's  paper,  The  Mojave  Mining-Dis- 
trict of  California,  Bi-Mmihly  BtdUtin,  No.  7,  Jannary,  1906,  p.  69. 
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I.  Introduction. 

The  results  embodied  in  this  paper  are  based  on  a  careful 
field-  and  laboratory-study  of  the  lead-  and  zinc-deposits  of  the 
Virginia-Tennessee  district,  begun  in  the  latter  part  of  the  sum- 
mer of  1904  and  completed  in  the  spring  of  1905,  preparatory 
to  the  publishing  of  a  State  report  on  them.  A  separate  de- 
scription of  the  individual  deposits  in  Virginia  is  purposely 
omitted,  since  I  have  already  described  them  in  considerable  de- 
tail in  a  State  report.*  The  Tennessee  deposits  are  described  here 
in  some  detail  for  the  reason  that  no  detailed  record  of  them 
has  yet  been  published.  Practically,  this  paper  summarizes  the 
results  obtained  from  a  study  of  the  geology  of  the  ore-deposits 
of  the  district  as  a  whole.  (I  had  the  pleasure  of  visiting  the 
deposits  of  Virginia  and  Tennessee  with  Dr.  H.  Foster  Bain  of 
the  U.  S.  Geological  Survey,  in  April,  1905.  Figs.  21  and  22 
are  from  photographs  taken  by  Dr.  Bain.) 

II.  Historical. 

The  first  authentic  records  of  lead-mining  in  Virginia  date 
back  more  than  150  years,  and  the  old  lead-mines  at  Austinville, 
on  New  river  in  Wythe  county,  Va.,  were  the  first  to  be  worked. 
Colonel  Chiswell,  a  native  of  Wales,  and  one  of  the  earlier  ad- 
venturers in  southwestern  Virginia,  was  one  of  the  first  opera- 
tors of  the  Austinville  mines.  ChiswelPs  operations  at  Austin- 
ville commenced  in  the  year  1750,  and  closed  shortly  after  the 
beginning  of  the  Revolutionary  War,  in  the  year  1776,  cover- 
ing a  period  of  about  25  years.  From  that  time  to  the  present, 
mining  has  been  carried  on  almost  continuously  in  the  Virginia 
area. 

For  many  years  after  the  Virginia  mines  were  operated, 
mining  was  confined  exclusively  to  the  lead-ores.    The  zinc-ores 

^  Lead-  and  Zinc-Deposits  of  Virginia,  Bulletin  No.  1,  Geological  Survey  of  Vir- 
giniaf  159  pages  (1905). 
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seem  not  to  have  been  recognized  at  the  Austinville  mines 
until  some  time  during  the  Civil  War,  when  several  tons  were 
shipped  to  the  smelting-works  at  Petersburg,  Va. 

Zinc-ores  were  first  discovered  at  Bertha,  near  Austinville, 
in  Wythe  county,  Va.,  during  the  year  1866.  Mining  of  zinc- 
ores  in  Virginia  properly  dates  from  the  opening  of  the  mine 
at  Bertha  in  1879,  at  which  time  a  small  shipment  of  ore  was 
made  to  Providence,  R.  I.  The  metal  obtained  from  these  ores 
proved  to  be  of  such  rare  purity  that  attention  was  directed  at 
once  to  them,  and  a  smelting-plant  was  biiilt  at  Pulaski,  Va., 
which  was  later  remodeled  and  enlarged,  and  it  is  owned  and 
operated  at  present  by  the  Bertha  Mineral  Co.  The  "Bertha" 
spelter  is  of  exceptional  purity  and  has  a  world-wide  reputation. 

The  records  seem  less  complete  for  Tennessee  than  for  Vir- 
ginia. So  far  as  I  have  been  able  to  ascertain,  the  mines  north- 
east of  Knoxville,  at  Jefferson  City  (Mossy  Creek),  were  the 
first  to  be  opened  in  Tennessee  (1858),  but  they  were  not 
worked  until  the  year  1866  or  1868.  Not  until  the  year  1881, 
however,  was  serious  mining  begun  in  the  Tennessee  area. 
When  zinc-ore  was  first  discovered  at  Mossy  Creek,  in  1858, 
several  thousand  pounds  of  the  ore  are  reported  to  have  been 
shipped  to  the  New  Jersey  zinc-works  at  Newark  for  testing. 
The  later  development  of  these  mines  in  1868  was  the  result  of 
the  test  on  the  above  shipment  of  ore. 

in.  General  Geology. 

Only  those  features  of  the  general  geology,  which  are  essen- 
tial to  the  understanding  of  the  ore-deposition,  will  be  consid- 
ered here.  The  rocks  included  within  the  limits  of  the  zinc- 
and  lead-region  of  Virginia-Tennessee  range  from  Lower 
Cambrian  to  Carboniferous  in  age.  They  are,  without  excep- 
tion, of  sedimentary  origin;  and  include  shales,  sandstones, 
conglomerates  and  limestones,  presenting  considerable  variety 
in  composition  and  in  appearance.  They  have  been  more  or 
less  metamorphosed,  and  in  consequence  are  considerably 
changed,  as  a  rule,  both  lithologically  and  structurally. 

The  ore-bearing  formation  in  Virginia  is  the  Shenandoah 
limestone,  and  in  Tennessee  its  equivalent,  the  Knox  dolomite, 
of  Cambro-Ordovician  age.  The  formation  is  a  magnesian 
limestone,  dark  to  light  gray  or  nearly  white  in  color,  usually 
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fine-grained  and  massive,  and  containing  much  chert  distributed 
through  parts  of  it  in  the  form  of  nodules  and  layers.  Over 
large  areas,  especially  in  Tennessee  near  Clinch  and  Powell 
rivers,  some  layers  are  coarsely  crystalline,  in  fact  they  are  mar- 
ble. Wide  variation  in  composition  is  noted  from  slight  sili- 
ceous marble  to  calcareous  sandstone. 

Folds  and  faults  characterize  the  entire  area  of  the  Great 
Valley  of  the  Virginia-Tennessee  district.  The  folds  have  a 
general  trend  paralleling  approximately  the  axis  of  the  valley, 
which  is  NE-SW.  in  direction.  The  dips  on  the  western  side 
of  the  anticlines  are  frequently  vertical,  and  in  places  over- 
turned, and  many  of  the  folds  have  been  compressed  until 
broken.  In  the  Tennessee  area,  Keith  says  that  the  dips  range 
from  flat  to  vertical  and  to  50°  overturned.  The  usual  dip  on 
the  southeast  side  of  a  fold  is  from  30°  to  45°  to  the  southeast. 
The  faults  are  associated  with  the  anticlinal  folds,  the  breaks 
occurring  usually  on  or  near  the  northwestern  side  of  the  anti- 
clines. The  faults  are  of  the  over-thrust  type,  with  the  fault- 
planes  usually  dipping  from  30°  to  50°  8E.,  with  an  estimated 
displacement,  by  Keith,  in  some  of  the  faults  of  the  Tennessee 
area,  of  nearly  3  miles.  The  faulted  zone  is  usually  character- 
ized by  much  brecciation,  and  it  is  along  these  zones  that 
localization  and  concentration  of  the  lead-  and  zinc-ores  have 
taken  place. 

The  Appalachian  valley  has  been  a  land-area  since  early 
Mesozoic  time,  during  which  time  the  field-evidence  indicates 
several  periods  of  uplift,  followed  by  intervals  of  quiescence. 
The  periods  of  quiescence,  which  followed  each  uplift,  were 
sufiSciently  long  to  enable  the  streams  to  establish  a  system  of 
base-levels  over  the  entire  region ;  and  the  region  was  also  sta- 
tionary for  a  time  sufficient  to  admit  of  the  inter-stream  areas 
being  lowered  to  an  approximately  uniform  level.  The  harder 
and  more  resistant  rocks,  such  as  sandstone  and  quartzite,  were 
never  entirely  reduced,  but  they  marked  partly  unreduced 
residuals,  which  stand  in  relief  above  the  general  level  of  the 
erosion-plane. 

Accordingly,  evidence  favoring  several  periods  of  base-lev- 
eling and  planation  is  recorded  over  the  area.  The  oldest  and 
most  extensive  peneplane  was  probably  formed  in  Cretaceous 
time.     Subsequent  uplifts  were  followed  by  shorter  periods  of 
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quiescence,  which   record   other   peneplanes   cut   during  the 
Eocene  and  Neocene  periods. 

IV.  Distribution  of  the  Ores. 

Geographically,  the  ores  are  confined  to  the  valley  region  of 
southwestern  Virginia  and  its  equivalent  in  eastern  Tennessee, 
extending  from  Roanoke,  Va,,  south  westward  to  Knoxville, 
Tenn.,  as  indicated  on  Fig.  1.  Isolated  deposits  of  the  ores  are 
found  further  south  and  west  in  Tennessee.     Not  all  of  the 


Scale,  1  inch  »  120  milefl. 
Fig.  1. — Map  op  Southwestern  Virginia  and  Eastern  Tennessee,  Show- 
ing Distribution  of  Lead-  and  Zinc-Ores.     Le^d-  and  Zino-Defosits 
Indicated  by  Heavy  Dots. 

above  area  contains  workable  deposits  of  lead  and  zinc,  but,  up 
to  the  present  time,  the  productive  areas  are  confined  within 
the  limits  of  two  or  three  counties  in  each  State.  Numerous 
isolated  single  prospects  have  been  opened,  away  from  the  pro- 
ductive centers  within  the  valley  region  of  both  States, 

Geologically,  the  ores  are  confined  to  a  single  formation, 
magnesian  limestone  of  Cambro-Ordovician  age,  known  as  the 
Shenandoah  limestone  in  Virginia,  and  the  Knox  dolomite  in 
Tennessee.  The  Shenandoah  limestone  is  correlated  with  the 
Knox  dolomite,  and  it  includes,  in  addition,  at  least  1,500  ft.  of 
Cambrian  strata  beneath  the  Knox  dolomite. 
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V.  The  Ores  and  Associated  Minerals. 

The  minerals  of  the  lead-  and  zinc-region  in  Virginia  and 
Tennessee  are  not  numerous  in  species,  but  they  are  confined 
chiefly  to  a  few  of  the  commoner  forms.  They  include  (1)  the 
original  sulphide  forms,  sphalerite,  galenite,  pyrite  and,  in  one 
or  two  places,  chalcopyrite ;  and  (2)  the  secondary  or  oxidized 
forms  which  have  been  derived  from  the  original  sulphides  and 
occur  in  the  residual  decay  of  the  limestone.  These  include 
calamine,  smithsonite,  cerussite  and  limonite. 

The  associated  non-metallic  minerals,  named  in  the  order  of 
their  importance,  are  dolomite,  calcite,  barite,  fluorite  and 
quartz.  Of  these,  dolomite  and  calcite  constitute  the  principal 
ones,  and  they  occur  in  vastly  the  largest  amount.  Barite,  fluo- 
rite and  quartz  have  not  been  observed  in  the  Tennessee  area, 
but  they  are  confined  to  several  places  in  the  Virginia  area. 

1.   The  Lead-Ores. 

(a)  Galenite. — The  principal  occurrence  of  galenite  is  in  asso- 
ciation with  the  zinc-ores  in  the  zinc-mines.  The  association  of 
galenite  and  sphalerite  seems  to  be  more  general  in  Virginia 
than  in  Tennessee.  At  a  number  of  the  zinc-mines  in  Tennes- 
see and  at  a  smaller  .number  in  Virginia,  galenite  is  practically 
absent;  while  in  others  it  occurs  in  fairly  large  amounts  in  in- 
timate association  with  the  sphalerite.  It  is  reported  to  be  the 
principal  ore  at  several  places  in  Tennessee.  Its  usual  occur- 
rence is  granular  and  massive-granular,  less  frequently  in  the 
form  of  crystals.  Selected  specimens  from  the  Austinville 
lead-  and  zinc-mines,  Wythe  county,  Va.,  gave  the  following 
results  on  analysis : 


Lead  (Pb), 
Zinc  (Zn), 
Iron  (Fe), 
Sulphur  (S), 
Silica  (SiO,), 

Total, 


73.89 
9.31 
0.22 

16.20 
0.54 


100.16 


r  PbS,  . 

equivalents    \  ZnS,  . 

t  FeS„ . 


85.29 

13.87 

0.46 


(b)  Cerussite. — Cerussite  has  been  found,  in  more  than  a  trace, 
only  at  one  locality,  namely,  the  Austinville  mines  in  Wythe 
county j  Va.,  where  it  is  not  an  altogether  uncommon  ore 
among  the  altered  forms.     During  the  period  of  early  mining 
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in  East  Tennessee,  cerussite  was  noted  as  one  of  the  altered 
ores  occurring  in  the  residual  decay  in  several  of  the  mines. 
It  occurs  distributed  through  the  residual  claj^  of  the  lime- 
stone as  stringers  and  small  irregular  masses..  The  earthy  form 
greatly  predominates,  this  clayey  admixture  being  readily  iden- 
tified by  its  weight.  Crystals  grouped  in  clusters  and  aggre- 
gates of  white  and  light  grayish  color  distributed  through  the 
clay  are  not  uncommon.  It  also  occurs  as  a  white,  powder-like 
coating  on  the  crystals  and  masses  of  granular  galena. 

2.   The  Zinc- Ores. 

(a)  Sphalerite. — This  mineral,  constituting  the  most  impor- 
tant ore  over  much  of  the  Virginia-Tennessee  district,  was  the 
original  zinc-mineral  from  which  the  secondary  zinc-ores,  con- 
centrated above  ground-water  level,  have  been  derived.  It  is 
found  usually  below  the  level  of  ground-water,  and,  in  some  of 
the  mines  not  yet  worked  to  this  depth,  it  has  been  found  but 
sparingly.  It  varies  in  color  from  yellow,  through  brown,  to 
nearly  black ;  the  black  color  being  due  to  impurities,  particu- 
larly iron.  In  some  of  the  larger  mines  sphalerite  is  associated 
with  much  galenite,  in  places;  some  pyrite,  and  very  occasion- 
ally with  scant  chalcopyrite. 

The  occurrence  of  sphalerite  is  in  the  form  of  disseminated 
grains,  masses  and  stringers,  in  the  magnesian  limestone ;  and 
in  similar  form,  but  mostly  as  stringers,  in  quartz-fluorite  lenses 
intercalated  in  a  crinkled,  talcose  schist,  in  Albemarle  county. 
At  Cedar  Springs,  Wythe  county,  and  Rye  Valley,  Smyth 
county,  Va.,  the  blende  is  of  exceptional  purity,  as  indicated  in 
the  analyses  below.  It  is  of  yellow  color,  massive  in  form,  with 
perfect  cleavage,  but  not  preserving  outward  crystal  form.  At 
other  localities  in  Virginia  and  Tennessee,  the  blende  is  less 
massive  in  form,  and  occurs  mostly  as  disseminated  grains. 

The  character  of  the  blende  over  the  Virginia  area  is  indi- 
cated in  the  analyses  below  from  selected  pieces  collected  from 
the  mines  in  Albemarle,  Wythe  and  Smyth  counties. 
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AuBtinTlUe, 

Wythe  County. 

Percent. 

Cedar  Springs, 

Wythe  County. 

Per  Cent 

Rye  Valley, 

Smyth  County. 

Per  Cent. 

Albemax 
County 
PerCen 

Zinc,      . 

.     65.01 

66.76 

66.94 

62.11 

Sulphur, 

.     31.98 

83.44 

83.26 

34.45 

Iron, 

.       1.94 

0.50 

0.30 

3.44 

lime,     . 

.      0.08 

trace 

trace 

0.05 

Magnesia, 

.     none 

trace 

trace 

none 

Silica,     . 

.      0.33 

0.10 

0.08 

0.26 

Total,      . 

.     99.29 

100.80 

100.58 

ioa8i 

Zinc  sulphide, 

.     96.94 

99.66 

99.86 

92.70 

(b)  Smithsonite. — ^In  some  of  the  mines,  especially  in  Virginia, 
smithsonite  forms  a  fairly  important  ore  of  zinc.  It  occurs  in 
the  residual  clays  derived  from  the  magnesian  limestone,  con- 
centrated usually  in  the  bottom  portions  of  the  clays,  and  rest- 
ing immediately  on  the  irregularly  weathered  surface  of  the 
limestone,  as  is  shown  in  Figs.  2  and  8.  It  is  intimately  asso- 
ciated with  calamine. 

Smithsonite  occurs  both  in  the  granular  and  earthy  form, 
principally  the  latter,  as  crystalline  incrustations,  and  as  a 
porous  or  spongy  material  with  the  cavities  frequently  filled 
with  a  powdery  and  earthy  form  of  the  ore.  In  color  it  varies 
from  light  gray,  through  yellow,  to  brown,  according  to  the 
impurities  present. 

The  calculated  amounts  of  smithsonite  and  calamine,  from 
analyses  made  by  F.  P.  Dewey  on  specimens  of  the  ore  of  the 
Falling  Cliff  zinc-mine  at  Bertha,  Va.,  gave  the  following  re- 
sults : 


Per  Cent. 

Smithsonite, 75.52 

Calamine, 22.22 


II. 

Per  Cent. 

79.99 

12.05 


(c)  Calamine. — Calamine  formed  originally  the  principal  sec- 
ondary ore  of  zinc  mined  in  the  district.  It  is  much  more 
abundant  than  smithsonite.  In  occurrence  it  is  closely  similar 
to  that  of  smithsonite,  with  which  it  is  intimately  associated. 
It  is  indeed  very  difficult,  and  in  some  cases  impossible,  to  separ 
rate  the  two  ores,  so  intimately  admixed  are  they. 

Calamine  occurs  in  the  residual  clays  usually  in  the  bottom 
portions  immediately  on  and  next  to  the  irregular  weathered 
surface  of  the  underlying  limestone,  shown  in  Figs.  2  and  3. 
Beautiful  white  incrustations  of  the  mineral,  presenting  both 
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mammillary  and  stalactitic  surfaces,  have  been  observed  in 
places  between  layers  of  the  more  solid  massive  ore.  Granular 
massive  and  honey-comb  forms  of  calamine  were  quite  com- 
mon.    Much  of  the  calamine  formerly  mined  at  Bertha  is  re- 

SrufRce 


Blocked  area  ia  limestone. 
Fig.  2.— Secjtion  m  Open  Cut  at  the  AusriNViiiLE  Lead-  and  Zinc-Minbb, 
Showing  the  Relations  op  the  Soft  Obb  to  the  Limestone  "Chim- 
neys" AND  THE  Residual  Clay.    Austinville,  Wythe  County,  Va. 

ported  to  have  been  in  sheet  form,  rarely  in  contact  with  the 
limestone,  but  concentrated  several  inches  away  from  the  lime- 
stone surface,  and  having  the  intervening  space  filled  with  a 
mixture  of  loose  powdery  calamine  and  smithsonite. 


ClB^          ^ 

jzj 

^              01-7 

air 

y 

■ 

^^Vi^.^^^ 

^i^^^''-^^^^^ 

^ 

1 

Blocked  area  is  limestone. 
Fig.  3. — Secmion  in  Open  Cut  at  the  Bertha  Zinc-Mines,  Showing  the 
Relations  op  the  Sopt  Ore  to  the  Limestone  "Chimneys"  and  the 
Bebidual  Clay.    Wythe  County,  Va. 

The  following  chemical  analyses  of  specimens  of  calamine 
from  the  mines  in  Wythe  county,  Virginia,  indicate  the  general 
character  of  the  ore. 
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I.  II.  III. 

Per  Cent.  Per  Cent.  Per  Cent 

Zinc  oxide, 67.88  67.42  67.16 

Silica, 23.95  25.01  26.33 

Water, 8.13  8.32  7.47 

Total, 99.96  100.76  99.96 

Sp.  Gr., 3.338  3.40 

I.  Maclrby,  Chemical  NewSf  1873,  vol.  xxviii.,  p.  272. 
U.  Genth,  F.  H. ,  Proceedings  of  the  American  Philosophical  Society j  1886,  vol. 

zziii.,  p.  46. 
III.  Jones,  A.,  Journal  of  the  American  Chemical  Society ^  1892,  vol.  vi.,  p.  620. 

Calculated  amounts  of  calamine  and  smithsonite,  from  analy- 
ses made  by  F.  P.  Dewey  on  specimens  of  the  ore  from  the 
Falling  Cliff  zinc-mine,  at  Bertha,  Va.,  gave  the  following  re- 
sults: 

Per  Cent. 

Calamine, 88.52 

Smithsonite,  .        . 3.26 

(d)  ^^Buckfat." — Buckfat  is  the  name  applied  by  the  miners 
to  a  mixture  of  clay  with  the  minerals,  calamine  and  smithson- 
ite. It  is  not  a  definite  mineral,  but  is  a  lean  ore,  generally  too 
low  in  zinc  to  be  profitably  used  in  the  present  practice  of 
smelting.  The  zinc-content  shows  wide  variation,  however, 
ranging  oftentimes  much  higher  than  that  given  in  the  analysis 
below.  It  is  both  hard  and  soft,  and  is  accordingly  called  by 
the  miners  "hard  buckfat"  and  "soft  buckfat."  Its  separar 
tion  from  the  rich  ores  is  effected  by  hand-sorting  and  by  sub- 
sequent washing  and  jigging.  The  treatment  practiced  at  the 
Bertha  mines,  Va.,  previous  to  the  conversion  of  the  ore  into 
spelter,  consisted  in  violently  washing  soft  buckfat  in  water,  and 
crushing  and  jigging  the  hard  buckfat. 

Heyward  gives  the  following  analysis  of  a  zinc-bearing  clay 
from  the  neighborhood  of  the  Bertha  mines,  Virginia. 

Per  Cent 

SiUca, 37.38 

Alumina, 24.67 

Ferric  oxide, 6.34 

Zinc  oxide, 12.10 

Magnesia, 0.27          , 

Potash, 0.47 

Soda, 0.27 

Water  100'' C. —, 6.69 

Water  100°  C.  +, 10.35 

Total,      .        .         .         .    • 98.64 
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8.  Associated  Ores. 
Over  the  Virginia  area,  iron-ores  and  manganese-ores,  espe- 
cially the  fornier,  are  very  abundant  in  some  of  the  larger  zinc- 
mines.  The  iron-ores  have  been  somewhat  extensively  mined 
in  places,  and  in  several  instances  mines,  formerly  worked  for 
zinc-ores,  are  now  being  worked  for  -iron.  Pyrite  is  rather  a 
frequent  associate  of  galenite  and  sphalerite  in  some  of  the  Vir- 
ginia mines.  It  occurs  in  the  fresh  limestone  below  the  belt 
of  oxidation.  It  is  by  no  means  uniformly  distributed  through 
the  rock,  but  in  places  it  is  suflSciently  concentrated  to  be  no- 
ticeable, and  rarely,  if  ever,  is  it  present  in  quantity  large 
enough  to  be  hurtful  to  the  lead-  and  zinc-ores.  Limonite  com- 
prises the  principal  iron-ore  mined  in  association  with  the  zinc- 
ores.  Hematite  is  less  cgmmon  than  limonite.  The  black  oxide 
of  manganese  frequently  occurs  in  some  of  the  mines,  but  at 
no  place  has  it  be^n  found  in  quantity  sufficiently  large  to  at- 
tempt the  saving  of  it. 

4.  Associated  Minerals. 

The  associated  minerals  are  limited  both  as  to  species  and 
occurrence.  Named  in  the  order  of  their  importance  they 
are^ — dolomite,  calcite,  fluorite,  quartz  and  barite.  Of  these, 
dolomite  and  calcite  comprise  the  minerals  associated  with  the 
ores  in  the  Tennessee  area.  In  addition  to  these,  which  form 
the  principal  minerals  in  the  Virginia  area,  fluorite,  quartz  and 
barite  occur.  Fluorite  and  quartz  constitute  the  gangue  min- 
erals at  the  zinc-  and  lead-mine  in  Albemarle  county,  Va.  Cal- 
cite occurs  only  sparingly  at  this  mine,  while  fluorite  is  the 
dominant,  mineral.  In  the  mines  of  southwestern  Virginia 
dolomite  and  calcite  comprise  the  dominant  minerals,  with  some 
barite  and  less  fluorite.  Here,  and  over  the  Tennessee  area, 
the  dolomite  and  calcite  fill  the  fractures  between  the  magne- 
sian  limestone  fragments  in  the  form  of  crystalline  masses, 
forming  a  limestone  breccia.  The  relative  proportions  of  ce- 
ment (recrystallized  calcite  and  dolomite)  to  rock  fragments 
vary  widely. 

(a)  Dolomite  and  Calcite. — These  minerals  occur  intimately 
admixed  in  massive  crystalline  form,  filling  the  fractures  be- 
tween the  broken  limestone  fragments,  which  cement  them  to- 
gether as  breccia.     They  are  prevailingly  white  in  color,  and 
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frequently  occur  in  perfect  cleavable  masses  of  the  rhombo- 
hedral  type.  Numerous  analyses  of  specimens  of  the  calcite 
and  dolomite  collected  over  the  VirginiarTennessee  district 
gave  nearly  pure  calcium  carbonate  for  the  former,  and  a  ratio 
of  calcium  to  magnesium  of  1 :  1  for  the  latter,  whicTi  is  the 
ratio  of  normal  dolomite, 

(b)  Fbiorite. — At  the  mines  in  Albemarle  county,  Va.,  fluorite, 
the  predominant  mineral,  occurs  in  both  large  and  small  lenses 
in  the  crinkled  schist,  and  it  is  usually  of  white  color,  though 


CALCITE 


FLUORfTE 


OALCJTE 


LIME5TO« 
FLUORITE 


M 


nUORITt  CALCITE     LIMESTOHE 


Fig.  4. — Cavities  in  Magnesia n  Limestone  Filled  with  Oalcite  and 
Fluorite,  Showing  the  Relations  op  the  Two  Minerals  to  Each 
Other.     McCarter  Place,  Rye  Valley,  Smyth  County,  Va. 

the  violet  shade  is  fairly  common.  This  mineral  has  been 
sparingly  found  at  several  localities  in  southwestern  Virginia 
in  association  with  the  metallic  sulphides,  but  as  yet  it  is  un- 
known in  the  Tennessee  area.  In  the  Virginia  mines  it  occurs 
in  three  forms: — distributed  through  and  enclosed  by  the 
blende ;  distributed  through  the  dolomite  and  calcite  filling  of 
the  limestone  breccia;  and  in  association  with  dolomite  and 
calcite,  filling  and  lining  small  cavities  in  the  limestone,  as 
shown  in  Figs.  4,  5  and  6.     Lastly,  fluorite  was  sparingly  noted 
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at  the  mine  of  the  Rye  Valley  Mining  Co.,  near  Sugar  Grove, 
Va.,  as  a  coating   in  association  with  calcite   and   dolomite 


-    '  -    '   ZaB 


2nS  -^ 


Fio.  6. — Skstch,  Showing  Relations  op  Sphalkritb  and  Galena  to 
Fluorspar  and  Calcitb-Dolomite.  Rye  Valley  Mining  Co.,  Sugar 
Grove,  Smyth  County,  Va. 


|sPHALERITC^|||n.UORITE:  |g^LmE5T0HE| 


CALCITE 
AND  DOLOMITE 


Fig.  6. — Limestone  Breccia  from  the  Cedar  Springs  Zinc  Mining  and 
Development  Company's  Openings,  Showing  the  Relations  of  Flu- 
orspar TO  Sphalerite,  and  to  the  Calcite-Dolomite  Filling.  Natu- 
ral Size.     Cedar  Springs,  Wythe  County,  Va. 

on  the  slickenside  surfaces  and  parting  planes  of  the  lime- 
stone. 
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(c)  Quartz. — The  mineral  quartz  is  found  in  direct  associa- 
tion with  the  zinc-  and  lead-ores  only  at  the  zinc-  and  lead- 
mine  in  Albemarle  county,  Va.  It  is  admixed  with  fluorspar 
as  fluorspar-quartz  lenses,  which  contain  the  lead-  and  zinc-ores 
distributed  through  them.  Quartz  is  very  much  less  abundant 
than  fluorspar.  Quartz,  in  the  form  of  chert,  is  abundantly  dis- 
tributed through  the  lead-  and  zinc-bearing  magnesian  lime- 
stone of  southwestern  Virginia  and  eastern  Tennessee,  but  the 
chert  is  rarely  or  never  seen  in  close  association  with  the  ores. 

(d)  Barite. — This  mineral  is  common  over  the  limestone  re- 
gion of  southwestern  Virginia,  and  it  has  been  mined  in  sev- 
eral places,  but  it  is  not  associated  with  the  lead-  and  zinc-de- 
posits except  at  two  of  the  mines.  It  has  been  observed  in 
small  quantity  at  the  Bertha  zinc-mine,  and  it  was  very  abun- 
dant at  the  mines  of  the  New  River  Mineral  Co.,  west  of  Ivan- 
hoe.  At  the  latter  place  a  little  of  the  blende  was  observed  to 
be  enclosed  by  the  barite-filling  of  the  limestone. 

VI.  The  Alteration  op  the  Lead-  and  Zinc-Ores. 

The  important  secondary  ores  comprise  calamine,  smithson- 
ite  and  cerussite,  which  have  been  derived  from  the  original 
sulphides,  galenite  and  sphalerite,  by  oxidation,  carbonation, 
silication  and  hydration  above  or  near  ground-water  level. 
Only  the  oxidized  or  secondary  ores  have  been  mined,  but 
every  preparation  is  now  being  made  to  mine  the  original  sul- 
phide ores  in  the  fresh  limestone. 

1.  The  Zinc-Ores. — ^Below  the  ground-water  level,  in  the  fresh 
limestone,  the  mineral  form  of  the  zinc-ore  is  the  sulphide, 
sphalerite.  Above  this  level,  in  the  belt  of  residual  decay,  only 
the  altered  forms,  the  oxidized  ores  of  zinc,  are  found, — cala- 
mine and  smithsonite;  the  former  always  predominating. 
Smithsonite  is  found  in  larger  quantity  in  some  mines  than  in 
others.  Unaltered  sphalerite  seems  not  to  occur  in  the  decay 
of  any  of  the  mines,  but  it  is  replaced  instead  by  the  two  oxi- 
dized forms  mentioned  above. 

Portions  of  the  country-rock  next  to  the  bottom  portions  of 
the  loose  decay,  originally  contaiuing  grains  and  crystals  of  the 
sulphide  ores,  sphalerite  and  galenite,  are  now  porous  and 
open-textured  in  many  places, — a  condition  resulting  from  the 
removal  of  the  sulphides  in  solution.     Frequently,  where  the 
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alteration  has  been  complete,  the  rock  apparently  is  extremely 
cavernous  and  presents  a  typical  honey-comb  appearance.  Yet 
in  other  places  the  ores  have  been  observed  in  the  limestone 
in  various  stages  of  oxidation,  and  the  cavities  left  are  either 
entirely  vacant  or  are  occupied  by  a  film  of  iron  oxide.  In  the 
process  of  alteration  the  oxidized  ores  may  be  removed  a  short 
distance,  or  they  may  remain  practically  in  place ;  usually  mi- 
gration is  indicated. 

2.  The  Lead-Ores. — ^Like  that  of  zinc,  the  mineral  form  of 
the  lead  in  the  fresh  rock  is  the  sulphide,  galenite,  admixed 
usually  with  sphalerite.  In  the  belt  of  decay,  more  or  less 
closely  associated  with  the  secondary  zinc-ores,  the  oxidized 
form  of  lead  is  cerussite,  which  is  present  in  very  appreciable 
quantity  in  the  Austinville  mines  in  Wythe  county,  Va.  In 
addition  to  the  cerussite,  more  or  less  galenite  occurs  in  the 
belt  of  weathering  admixed  with  the  secondary  ores.  Galenite 
being  more  difficultly  oxidizable  than  the  sulphides  of  zinc  and 
iron  with  which  it  is  associated,  and  being  less  soluble  than  the 
limestone  in  which  it  occurs,  are  circumstances  which  account 
chiefly  for  the  presence  of  galenite  in  association  with  the  sec- 
ondary ores  in  the  zone  of  weathering. 

The  cerussite  is  sometimes  observed  coating  or  incrusting 
the  galenite,  and  occasionally  it  has  been  noted  in  small  crys- 
tals on  the  galenite.  In  some  specimens  of  the  galenite  not  in- 
crusted  by  the  alteration-product,  cerussite,  the  surfaces  appear 
dull,  and  are  much  roughened,  being  pitted  by  etching.  The 
same  specimens,  when  broken,  show  the  bright  metallic  luster 
of  the  unaltered  galenite  on  the  inside.  A  few  specimens  were 
noted  which  were  apparently  all  cerussite,  but,  on  breaking, 
they  proved  to  be  only  partly  altered ;  the  outer  portions  of  the 
original  galenite  being  entirely  coated  with  a  variable  thickness 
of  the  lead  carbonate,  and  the  inner  part  composed  of  fresh  un- 
altered galenite.  In  still  other  specimens,  limited  to  the  zone 
of  weathering,  the  alteration  seemed  complete,  with  no  trace 
of  the  original  sulphide  indicated.  Between  these  two  ex- 
tremes of  alteration  nearly  all  gradations  were  observed. 

Vn.  Mode  of  Occurrence. 

1.  The  Sulphide  Ores. — The  bulk  of  the  sulphide  ores  belong 
to  the  disseminated  replacement  breccia  type.     As  a  rule,  the 
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process  of  replacement  has  played  an  important  part  in  the  ore- 
formation,  but  in  some  instances  very  little  replacement  of  the 
limestone  by  the  ore  is  indicated.  In  the  latter  case  the  ore 
would  be  more  properly  designated  a  straight  breccia  type  in 
which  practically  no  replacement  has  occurred.  On  the  other 
hand,  the  ore  has  originated  at  several  places  over  the  district 
largely  through  a  replacement  process. 

The  breccia  is  usually  made  up  of  sharp-angled  fragments  of 
the  country-rock,  magnesian  limestone,  cemented  by  a  matrix 
of  white  crystallized  calcite  and  dolomite  and  blende,  with  or 
without  replacement  of  the  limestone  fragments.    The  breccia- 
zones  are  associated  with  faulting  and  folding.   Not  all  parts  of 
the  breccia-zones  are  mineralized,  but  the  ore  is  distributed  at 
sonaewhat  irregular  intervals.   Where  mineralized,  and  so  far  as 
can  be  judged  from  developments,  the  ore  continues  with  depth. 
At  Austinville,  Va.,  clear  crystallized  calcite  apparently  does 
not  occur,  but  the  rock  has  been  largely  recrystallized,  and 
small  "  eyes  "  of  the  dark,  nearly  unaltered,  rock  are  distrib- 
uted through  the  new  recrystallized  portion.   Jointing  is  freely 
developed,  and  ore  concentration  and  replacement  of  the  re- 
crystallized limestone  by  the  ores  have  taken  place  along  the 
bedding-  and  joint-planes,  mostly  where  the  two  sets  of  planes 
intersect,  forming  large  and  well-defined  ore-shoots.     Similar 
bodies  of  sulphide  ores  are  developed  at  the  Straight  Creek 
mine,  near  Tazewell,  in  Claiborne  county,  Tenn.   As  elsewhere 
explained,  the  process  of  mineralization  at  Austinville  began, 
first  by  filling  the  fine  cracks,  and  then  extending  into  and  re- 
placing the  anhedra  of  dolomite  by  ore  along  some  crystal- 
lographic  direction,  as  illustrated  in  Figs.  7  and  8. 

Where  occurring  in  the  same  mine,  the  blende  and  galenite 
are  intimately  admixed.  Many  parts  of  the  limestone,  both 
small  and  large,  show  all  blende,  with  only  here  and  there 
sparing  dissemination  of  galenite  through  the  rock,  closely  in- 
termingled with  the  blende.  Other  parts  of  the  limestone, 
usually  much  smaller  in  area,  show  a  preponderance  of  galenite 
with  little  or  no  disseminated  blende.  The  same  relation  holds 
true  for  the  very  small  amount  of  pyrite  present  in  the  rock, 
which  may  be  intermingled  with  the  galenite  or  blende,  or 
both.  The  relations  between  the  galenite  and  blende  in  the 
limestone,  as  described  above,  are  made  plain  in  Figs.  9  and  29. 
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Fig.  7  (A). 


Fig.  8  (B). 
Photomicbographs  of  Thin  Sbctions  op  Sulphide  Ore  from  Austinyilus 
Moras,  Wythe  County.  Magnified  50  Diameters  ;  Cross  Nicoub. 
Black  area8  represent  sulphide  minerals.  Shows  crystalline  character  of 
limestone  and  its  replacement  by  the  sulphides.  Be-entrant  angles  along 
margins  of  the  sulphides  and  the  spider-like  arrangement  of  the  sulphide 
areas,  as  a  whole,  are  well  shown. 
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2.  The  Oxidized  Ores. — Where  sufficient  developments  have 
been  made,  as  in  the  mines  of  Wythe  county,  Va.,  the  oxidized 
ores  usually  show  much  richness,  and  they  are  often  concen- 
trated in  massive  form  as  large  irregular  masses  and  layers. 
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This  is  especially  true  of  the  calamine,  which  forms  the  domi- 
nant oxidized  ore.  So  massive  was  the  calamine  in  places  in 
the  old  Bertha  mines,  that  blasting  is  reported  to  have  been 
necessary  at  the  time  for  its  removal. 
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Concentration  of  the  oxidized  ores  has  taken  place  princi^ 
pally  at  and  near  the  bottom  of  the  residual  clays,  closely  hug- 
ging the  irregular  weathered  surface  of  the  limestone,  as  shown 
in  Figs.  2  and  3.  Frequently  several  inches  separate  the  mas- 
sive form  of  the  ores,  calamine  and  smithsonite,  Irom  the  lime- 
stone. This  space  is  filled,  oftentimes,  with  a  loose  powdery 
form  of  admixed  calamine  and  smithsonite.  At  times  the 
partly  decayed  limestone,  in  pulverulent  granular  form^  partly 
or  entirely  fills  the  space.  Much  galenite  is  intermingled  in 
places  with  the  concentrated  calamine  and  smithsonite  in  the 
lower  portion  of  the  clays.  Usually,  when  associated  with  the 
oxidized  ores  in  the  way  mentioned,  the  galenite  is  observed  to 
diminish  in  quantity  upward  more  rapidly  than  the  calamine 
and  smithsonite. 

Smithsonite,  which  is  present  in  much  smaller  quantity  than 
calamine,  is  admixed,  as  a  rule,  with  the  calamine,  and  both 
are  concentrated  in  the  basal  portion  of  the  clays  next  to  the 
limestone  surface.  Cerussite  occurs  largely  in  stringer-form, 
penetrating  the  clays,  and  as  a  coating  on  the  masses  and 
nodules  of  galenite.  The  stringers  of  cerussite  show  consid- 
erable variation  in  thickness  and  extent,  but  in  the  larger  ones 
a  nearly  vertical  position  in  the  clays  is  often  assumed. 

As  a  rule,  the  residual  clays  are  highly  ferruginous.  Limon- 
ite  composes  the  principal  part  of  the  clays  in  some  of  the 
mines,  and  it  was  derived,  in  part  at  least,  from  the  oxidation 
of  the  original  sulphide  of  iron,  pyrite,  disseminated  through 
the  limestone  in  association  with  galenite  and  sphalerite.  It  is 
usually  of  good  grade,  and  it  occurs  so  extensively  in  some  of 
the  mines  formerly  worked  for  zinc-ores,  that  attention  is  now 
given  entirely  to  the  mining  of  the  iron-ore. 

The  relations  between  the  ores,  the  limestone  and  the  clays, 
as  described  above,  are  shown  in  Figs.  2  and  8. 

Vrn.  Paragbnbsis  and  Association. 

No  definite  order  of  deposition  of  the  original  minerals  could 
be  positively  determined.  The  metallic  sulphides,  lead,  zinc 
and  some  iron,  and  the  gangue  minerals,  seem .  te  have  been 
introduced  and  crystallized  at  about  the  same  time.  The  three 
sulphides,  when  present,  are  usually  so  intimately  mixed  as  to 
preclude  any  attempt  at  determining  the  order  of  deposition* 
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Variations  in  the  association  of  the  metallic  sulphides  and  the 
gangue  minerals,  and  the  relations  of  these  to  the  enclosing 
rock,  are  shown. 

A  common  association  is  the  more  or  less  replacement  of  the 
country-rock  on  one  or  both  sides  of  a  fracture  by  the  sul- 
phides, and  the  filling  of  calcite  and  dolomite  without  metallic 
sulphides  distributed  through  it  In  places,  the  broken  frag- 
ments of  limestone  are  either  partially  or  completely  rimmed 
by  narrow  bands  of  sphalerite,  as  shown  in  Figs.  10  and  11. 
At  times  both  forms  of  filling  rudely  resemble  banding  on  a 


Sphalerite 
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Fig.  10. — Bregciated  Limestokb  Cemented  wrrn  Calcite  and  Blende. 
Limestone  Fraomentb  Partially  Rimmed  by  IBlende.  Sketched 
FROM  Section  of  Ofen-Cut  Wall,  Mossy  Creek  Mines,  Jefferson 
City,  Tenn. 

small  scale,  in  which  it  appears  that  the  sulphides  were  perhaps 
introduced  somewhat  in  advance  of  the  gangue  filling.  When 
it  is  remembered,  however,  that  all  gradations  are  observed  be- 
tween this  form  of  filling  and  those  stated  next  below,  where 
the  evidence  seems  conclusive  for  contemporaneous  deposition, 
it  seems  reasonable  to  assume  that  deposition  of  the  ores  and 
the  associated  minerals  for  the  district,  as  a  whole,  was  made  at 
about  the  same  time.  Moreover,  cases  are  observed  in  which 
calcite  and  dolomite  are  entirely  enclosed  by  the  metallic  sul- 
phides and  vice  versa.     Similar  relations  of  fluorite  to  the  sul- 
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phides,  and  fluorite  to  calcite  and  dolomite  are  observed.  Fig. 
6  shows  that  fluorite  is  entirely  enclosed  by  the  calcite-dolomite 
filling,  and  fluorite  is  also  entirely  enclosed  by  blende.  Again, 
the  filling  of  very  small  cavities  in  the  limestone  by  fluorite  and 
calcite  in  Rye  Valley,  Smyth  county,  Va.,  shows  in  some  cases 
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Fio.  11.— Bbbcciated  LiVBSTOKEy  Showiho  Bims  of  Blende  Abound  Lime- 
stone Fbaomknts.  Dbawn  fboh  Face  of  Wobkinos  in  Mossy  Greek 
Mines,  Jeffebson  City,  Tenn. 

a  somewhat  broken,  irregular  lining  of  the  cavity  by  fluorite 
next  to  the  limestone  and  the  remainder  filled  in  by  calcite,  as 
indicated  in  Fig.  4.  This  association  of  fluorite  and  calcite 
points  to  a  filling  of  fluorite  in  advance  of  the  calcite ;  but  oc- 
curring immediately  along  side  of  this  may  be  observed  a  simi- 
lar cavity  filled  with  intimately  admixed  fluorite  and  calcite 
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from  the  walling  to  the  center  of  the  cavity,  where  no  doabt 
exists  of  the  simultaneous  deposition  of  the  two  minerals. 

Equally  common,  perhaps,  is  the  filling  of  the  fracture  in  the 
limestone  by  metallic  sulphides  and  the  gangue  minerals,  with- 
out any  replacement  of  the  limestone  by  the  sulphides  indi- 
cated. In  this  case  the  sulphide  ores  are  distributed  through 
the  filling  of  calcite  and  dolomite.  In  still  other  cases  the 
fracture  may  be  filled  for  its  entire  width  at  intervals  along  its 
length  with  the  sulphides,  and  the  intervening  spaces  filled  en- 
tirely with  calcite  and  dolomite,  or  with  a  mixture  of  the 
gangue  and  sulphide  minerals,  as  shown  in  Fig.  12. 

Suflicient  developments  in  the  fresh  limestone  are  lacking, 
upon  which  to  base  any  statement  of  a  grouping  corresponding 
to  a  vertical  order  of  succession  of  the  dominant  metallic  sul- 
phides. The  idea  prevails  over  the  district  that  galenite  is 
more  abundant  in  the  upper  portions  of  the  rock,  and  decreases 
in  depth,  followed  by  an  increase  of  blende.  So  far  as  devel- 
opments have  gone,  evidence  is  not  entirely  lacking  to  support 
this  idea.  At  Austinville,  Va.,  where  mining  has  been  more 
extensive  in  the  fresh  limestone  than  elsewhere,  blende  indi- 
cates an  increase  over  galenite  in  depth,  although  much  galen- 
ite occurs  at  the  depth  thus  far  reached. 

Little  or  no  blende  is  found  within  the  zone  of  alteration  at 
the  Austinville  mines,  while  galenite  is  by  no  means  an  un- 
common mineral  within  this  zone.  This  is  due,  however,  not 
to  the  absence  of  blende  originally  in  the  fresh  rock  of  this 
zone,  but  more  to  the  readiness  with  which  blende  alters  than 
galenite.  Indeed,  the  large  accumulations  of  the  oxidized  zinc- 
ores,  calamine  and  smithsonite,  found  within  the  zone  of  decay, 
afford  every  evidence  of  the  presence  originally  of  much  blende 
in  the  fresh  rock  of  this  level. 

IX.  Secondary  Enrichment. 

The  common  evidences  of  secondary  enrichment  are  wholly 
lacking  in  the  Austinville  mines,  but  the  ore-bodies  in  the  fresh 
rock  are  regarded  as  unmodified  ores  of  primary  deposition  or 
of  first  concentration.  Careful  study  shows  the  conditions  to  be 
•  against,  rather  than  favorable  to,  secondary  enrichment.  Briefly 
stated,  these  are :  (1)  Recrystallization  from  solution  and  ce- 
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mentation  of  the  rock  below,  resulting  in  the  closing  of  the 
original  spaces,  which  precluded  the  downward  circulation  of 
the  waters.     (2)  The  absence  of  lean  sulphides  necessary  to 


^   1- 


produce  precipitation.  Sufficient  pyrite  in  the  limestone  was 
lacking  to  precipitate  zinc  and  lead  as  sulphides  from  their  oxi- 
dized salts ;  but  zinc-sulphide  as  blende  was  present  in  places 
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in  sufficient  quantity  to  have  precipitated  the  lead  salts  as  sul- 
phide, had  the  conditions  been  favorable  to  the  subsequent 
downward  circulating  waters.  (8)  The  conditions  favorable  to 
the  conversion  of  sulphates  into  the  carbonates  and  silicates  of 
zinc,  formed  from  the  oxidation  of  the  original  sulphide.  This 
follows,  in  part  at  least,  from  the  statement  made  in  (1) ;  and, 
as  stated  elsewhere,  the  concentration  of  the  oxidized  zinc-ores 
near  and  along  the  irregular  weathered  surface  of  the  lime- 
stone in  the  bottom  portions  of  the  residual  clays. 


I  sphalerite  CP^?^  Limestone,  I  I  ^*^*^« 

WAl^l-^  fragments  | | Dolomite 

Fio.  13. — ^Bbeociated  Limestone  Cemented  with  Calcite  and  Dolomite. 
iNOAiiUB  Mikeb,  Near  New  Mabket,  Tenn. 

X.  Relation  of  the  Orbs  to  Geologic  Structure. 

As  already  pointed  out,  the  lead-  and  zinc-district  of  the 
Great  Valley  region  of  Virginia-Tennessee  is  one  of  intense 
deformation — folding,  faulting  and  brecciation.  Moreover,  the 
localization  and  concentration  of  the  ores  follow  closely  these 
structural  lines.  Mineralization  has  not  taken  place  through 
all  parts  of  the  breccia-zones,  which  follow  the  faulted  anti- 
clines; but  only  along  some  of  the  zones,  in  places  and  at 
irregular  intervals,  have  the  ores  accumulated.     Wherever  the 
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ores  have  been  found  they  have  been  noted  in  some  part  of  an 
anticlinal  fold  in  or  near  a  faulted  breccia  zone.  The  ores  are, 
accordingly,  of  the  breccia-type,  as  is  shown  in  Figs.  18, 14, 15, 
16,  17  and  18.  At  Austinville,  Va.,  and  near  Tazewell,  Clai- 
borne county,  Tenn.,  the  ores  appear  in  well-defined  ore-bodies, 
ore-shoots ;  and  they  have  resulted  largely  from  a  replacement 
process,  mostly  where  the  joint-  and  bedding-planes  of  the  lime- 
stone intersect,  and  on  the  limb  of  a  faulted  anticline. 

At  the  Austinville  mines,  in  the  extreme  southern  part  of 


Sphalerite 


Limestone 


Caldte 
.    and 
Dolomite 


Fig.  14.— Bbbociated  Limestone  with  Blende  and  Calctte.    Bosebersy 
Zinc-Mines,  Mascot,  Tenn. 

Wythe  county,  mining-operations  have  extended  to  some  depth 
below  local  ground-water  level  into  the  unaltered  sulphide 
ores,  sphalerite  and  galenite.  New  river  cuts  across  an  anti- 
clinal of  the  Shenandoah  limestone  near  the  mines.  The  ac- 
cumulation of  the  ores  is  in  the  magnesian  limestone  strata, 
which  dip  about  45*^  BE.,  and  form  the  corresponding  limb  of 
a  faulted  anticline.  About  8.5  miles  east  of  these  mines,  on 
the  same  (south)  side  of  New  river,  and  about  a  mile  therefrom, 
are  located  the  Bertha  zinc-mines.  Here,  operations  were 
entirely  limited  to  surface  mining  of  oxidized  ores  over  a  belt 
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aboat  1,500  ft.  wide,  extending  in  the  direction  of  the  strike  of 
the  limestone,  which  is  sonth  35*^  to  40°  west.  The  dip  of  the 
limestone,  where  measured,  was  25°  NW.,  with  flatter  dips  re- 
ported. 

Recent  prospecting  at  Cedar  Springs,  about  20  miles  west  of 
Austinville,  in  the  extreme  southwestern  corner  of  "Wythe 
county,  Va.,  indicates  that  the   ores   occur   on   or  near  the 
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'^ 
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Dolomite 


Fig.  15. 


-BrBCCIATKD  LiBfESTONE   CEMENTED  WITH  CaLCITE-DoLOMITB  AND 

Blende.    Koseberby  Zinc-Mines,  Mascot,  Tenn. 


faulted  crest  of  an  anticline.  The  distribution,  therefore,  of 
the  ores  in  Wythe  county  is  along  a  narrow  belt  which  crosses 
the  southern  part  of  the  county  in  a  north  of  east  direction. 
This  belt  is  a  structure  zone — one  of  anticlinal  folding  and 
faulting — and  the  ores  are  deposited  along  and  near  the  fault 
in  the  shattered  and  recemented  limestone  of  the  anticline. 

Precisely  similar  relations  obtain  in  the  Tennessee  part  of 
the  district.   At  New  Prospect,  formerly  known  as  Lead  Mine 
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Bend,  near  Powell  river,  in  Union  county,  Tenn,,  the  ore-bear- 
ing area  forms  a  narrow  zone  trending  north  50°  E.,  and  lying 
just  south  of  the  crest  of  the  Powell  anticline,  in  which  the 
rocks  are  crushed  and  broken.*  Six  miles  southwest  of  Taze- 
well, in  Claiborne  county,  Tenn.,  the  ore-bodies  occur  in  the 
lower  part  of  the  Knox  dolomite,  in  an  area  of  tilted  rocks  and 
near  a  fault 


Calclte  and 
Dolomite 


Fig.  16.— Brecjciatbd  Limestone  Cemented  with  Calcite  and  Blende. 
Mossy  Creek  Zinc- Mines,  Jefferson  City,  Tenn. 

The  group  of  deposits  which  extend  southwestward  from 
near  New  Market  to  near  Knoxville  are  apparently  located  on 
the  same  zone  of  disturbance,  several  of  which  are  definitely 
located  in  broken  strata  along  small  anticlines.  The  Mossy 
Creek  deposit  at  Jefferson  City,  in  Jefferson  county,  probably 
the  most  extensively  mined  zinc-ores  in  the  district,  occurs  in 
a  breccia  zone ;  the  ore  filling  the  crevices  in  the  mass  and  re- 


■  Keith,  Arthur,  Qeologii  Atlas  of  the  United  States,  MayjiardwUle  Folio,  Tennes- 
•ee,  U.  S.  Geological  Survey,  p.  6  (1901). 
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placing  some  of  the  dolomite.  According  to  Keith,*  this 
breccia  zone  has  nearly  a  north-south  direction,  and  marks  the 
plane  of  a  large  fault 

1^ 


XL  Petrography. 

The  Austinville  mines  in  Virginia  are  taken  as  the  type-lo- 
cality of  the  replacement  deposits.  The  description  which  here 
follows  is  that  based  on  a  study  of  thin  sections  of  the  rocks 
and  ores  from  the  above  locality. 

•  Keith,  Arthur,  Otologic  Atlas  of  the  United  Statea,  Motristown  FoliOf  Tennessee, 
U.  &  Geological  Survey  (1896). 
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In  thin  sections,  under  the  microscope,  the  rock  is  evenly 
granular  and  wholly  crystalline,  with  no  admixture  of  other 
mineral  than  dolomite  and  the  ores.  The  dolomite  exhibits 
both  the  characteristic  cleavage  and  the  twinning,  as  shown  in 
Figs.  7  and  8.  The  crystalline  grains  are  filled  with  minute 
inclusions,  usually  of  an  indeterminable  nature.     Some  of  these^ 


are  of  a  dark  brown  and  a  reddish  brown  color,  and  are  cer- 
tainly iron  oxide.  Frequently  these  have  accumulated  along 
the  sutures  between  the  grains,  and  extend  outward  into  the 
substance  of  the  grains,  rendering  those  parts  opaque  and 
nearly  black  to  polarized  light.  Parts  of  some  sections  show 
an  opaque  yellowish  color,  due  to  discoloration  from  iron  oxide 
staining.     In  some  sections  the  iron  oxide  fills  the  irregular 
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thread-like  cracks,  and  has  been  derived  from  pyrite  by  oxida- 
tion. 

Areas  of  fresh  pyrite  are  distributed  through  some  of  the 
sections,  which  show  characteristic  replacement-borders.  The 
peripheries  of  the  pyrite  areas  are  characterized  by  re-entrant 
angles,  which  correspond  to  the  cleavage  angles  in  the  dolo- 
mite grains.  In  some  instances  a  partial  cavity  is  left  filled 
with  dark  amorphous  matter  resembling  iron  oxide — suggest- 
ing oxidation  of  the  original  pyrite.  Qalenite  shows  equally 
well  the  evidence  of  formation  by  replacement  of  the  dolomite 
substance  along  the  cleavage  directions.  The  border  portions 
of  the  large  irregular  areas  show  perfectly  straight  and  sharply- 
defined  edges  bounding  re-entrant  angles,  which  correspond  to 
the  cleavage  angles  of  the  dolomite  grains.  From  the  margins 
are  given  off  irregular,  long  thread-like  stringers,  which  ramify 
outward  into  the  dolomite  substance  in  spider-like  fashion. 
Some  of  these  fill,  in  part,  the  sutures  between  the  dolomite 
grains,  rimming  the  grains  for  considerable  distances;  others 
fill  irregular  microscopic  fractures  in  the  dolomite  grains. 
This  phenomena  is  typically  shown  in  Figs.  7  and  8. 

XII.  Weathering. 

The  Austinville  mines  in  Virginia  are  again  taken  as  the 
type-locality  because  of  the  extensive  mining  operations  which 
expose  excellent  sections  of  the  fresh  limestone  and  its  residual 
decay  for  study. 

The  fresh  rock  is  a  recrystallized  magnesian  limestone.  The 
first  and  early  stage  of  weathering  is  a  physical  crumbling  of 
the  crystalline  rock  into  a  dolomitic  sand,  varying  from  light 
to  brown  red  in  color,  in  which  only  slight  oxidation  is  shown. 
When  stripped  of  its  residual  decay,  the  limestone  presents  an 
exceedingly  irregular  pinnacled  or  "chimneyed"  surface,  as 
shown  in  Fig.  19.  The  limestone  "  chimneys  "  are  buried  to  a 
variable  depth  by  the  decay,  with  the  decay  covering  the  in- 
ter-areas, reaching  in  extreme  cases,  a  depth  of  nearly  100  ft. 
The  general  character  of  the  clays  forming  the  residual  cover- 
ing is  red  in  color  and  highly  ferruginous  in  composition. 

A  characteristic  feature  of  the  weathered  surface  of  the  un- 
covered limestone  "  chimneys  "  is  a  pronounced  irregular  pitted 
aspect,  shown  in  Fig.  20.     A  close  examination  of  the  lime- 
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Fig.  19.— View  in  Open  Cut  op  the  New  River  Mineral  Company's 
Mines  at  Ivanhoe,  Va.,  Showing  the  Typical  Pinnacled  or  "Chim- 
neyed'' Surface  of  Limbbtone  Besulting  from  Weathering.  (H. 
Bies,  photo.) 


Fig.  20. — Near  View  of  a  Part  of  One  of  the  Limestone  "Chimneys," 
Showing  the  Pitted  and  Etched  Surface  from  Weathering  Along 
the  Bedding  and  Invisible  Fractures.     (H.  Bies,  photo.) 
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stone  surface  shows  this  peculiar  form  of  weathering  to  be  due 
to  solution  and  etching  along  the  irregular  fracture-lines  in  the 
rock.  The  weathering  of  the  limestone  surface  into  the  char- 
acteristic pinnacled  or  "  chimneyed "  surface  is  controlled 
largely  by  the  jointing  of  the  rock.  This  form  of  weathering 
is  characteristic  of  the  openings  at  Bertha,  Austinville  and 
Ivanhoe,  Va.,  and  in  some  of  the  openings  made  for  mining 
brown  iron-ore.  The  location  of  each  of  these  is  along  the 
zone  of  folded  and  crushed  recrystallized  limestone.  Fig.  21 
is  a  view  showing  the  limestone  weathering  in  one  of  the  mine 
openings  at  Austinville,  Wythe  county,  Va.*,  and  Pig.  22  is  a 
view  of  simDar  limestone  weathering  at  the  Bertha  mine,  Wythe 
county,  Va. 

The  following  analyses  of  the  fresh  and  partially  decayed 
limestone  and  the  residual  clay  will  serve  to  indicate  the 
changes  involved  in  the  transformation  of  the  fresh  limestone 
to  the  stage  of  decay  represented  in  the  residual  clay : — 


lime, 
Magnesia, . 
Alumina,  . 
Ferric  oxide,     . 
Manganese  oxide. 
Zinc  oxide, 
Soda,. 
Potash,      . 
Carbon  dioxide, 
Water, 
Insoluble  matter. 

Total, . 


Per  Cent. 

29.77 

20.69 

0.22 

0.19 

0.19 

none 

0.50 

0.30 

44.43 

3.41 

0.42 

101.12 


n. 

Per  Cent. 

29.86 

20.68 

0.94 

0.38 

0.20 

0.46 

0.18 

0.05 

42.55 

4.06 

0.80 

100.16 


III. 
Percent. 
0.24 
1.02 
26.27 
10.53 
none 
none 
undet 
undet. 
(H,0  110*»  a  +)    2.06 
(H,0  110**  C.  — )   7.41 
(SiO,)  48.96 


96.49 


I.  Average  of  three  analyses  of  the  fresh  crystallized  magnesian  limestone, 

Austinville,  Va.,  Dr.  W.  E.  Barlow,  analyst. 
II.  Average  of  three  analyses  of  dolomitic  sand  derived  from  the  crystallized 

magnesian  limestone,  Austinville,  Va.,  J.  B.  £off,  Jr.,  analyst. 
IIL  Analysis  of  deep  red  residual  clay  derived  from  the  crystallized  magnesian 

limestone  in  the  open  pits  of  the  Austinville  mines,  Va.,  J.  R  Eoff,  Jr., 

analyst 

On  comparing  these  analyses,  essentially  no  difference  is 
shown  in  the  principal  constituents  of  specimens  I.  and  II., 
which  clearly  indicates  that  the  early  stage  in  the  weathering 
of  this  limestone  is  purely  a  physical  one,  and  is  unaccompanied 
by  any  appreciable  chemical  action.     In  the  next  or  final  stage 
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Fig.  21.— View  Showing  Limestone  Weathering  in  One  of  the  Mine 
Openings  at  Austdtville,  Wythe  County,  Va* 


Fig.  22. — View  Showino  Limestone  Weathering  in  One  op  the  Mine 
Openings  at  Bertha,  Wythe  County,  Va. 
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of  the  decay,  shown  in  specimen  HE.,  the  results  are  markedly 
differeilt;  the  more  refractory  constituents,  which  are  present 
in  the  fresh  rock  in  barely  more  than  traces,  are  retained  as 
the  principal  ingredients  composing  the  residual  clay.  The 
carbonates  of  lime  and  magnesia,  which  practically  make  up 
the  fresh  rock,  have  suffered  most  from  solution  and  removal, 
and  are  only  present  in  the  residual  clay  iti  very  small  amounts. 

XIIT.  Age. 

Since  the  ores  have  been  shown  to  follow  rather  closely  the 
faulted  breccia-zones,  they  were  formed  after  the  period  of 
deformation  which  resulted  in  the  folding,  faulting  and  shat- 
tering of  the  limestone  near  and  along  the  lines  of  breakage. 
This  period  of  deformation  probably  dat^s  back  to  late  in,  or 
after  the  close  of,  the  Carboniferous.  The  original  sulphide 
ores  must  antedate  the  secondary  ores,  since  the  latter  were 
derived  from  the  former  by  the  usual  processes  of  atmospheric 
decay.  The  altered  or  secondary  ores  originated  with  the 
periods  of  peneplanation  of  which  there  were  several,  the* 
earliest  and  most  extensive  one  being  of  Cretaceous  age,  fol- 
lowed by  later  and  less  extensive  ones  cut  during  Eocene  and 
Neocene  times.  The  original  sulphide  ores  may  be  as  old  as 
the  Permian  or  as  young  as  late  Mesozoic,  but  evidence  is  lack- 
ing with  which  to  fix  their  age  more  definitely. 

XIV.  Origin  op  the  Ores. 

The  statements  here  made  concerning  the  genesis  of  the  zinc- 
and  lead-ores  apply  only  to  the  Great  Valley  region  of  Vir- 
ginia-Tennessee, and  do  not  to  the  single  deposit  east  of  the 
Blue  Ridge,  in  Albemarle  county,  Va.  The  conditions,  here, 
are  totally  unlike  those  of  the  Great  Valley  region.  In  the 
Albemarle  county  area  the  ores  occur  in  crystalline  schists,  and 
their  genetic  relation  to  igneous  masses  is  fairly  well  estab- 
lished, while  the  deposits  of  the  Great  Valley  region  are  as 
definitely  shown  not  to  have  any  relation  whatever  to  igneous 
rocks. 

So  far  as  known,  there  are  no  igneous  intrusions  found  within 
the  limits  of  the  Great  Valley  region  of  Virginia-Tennessee 
with  which  to  connect  the  ores.  While  it  is  true  the  ores  are 
related  to  the  folding  and  faulting  of  the  region,  there  appears 
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no  good  reason  for  regarding  the  ores  as  having  been  derived 
from  profound  depths  within  the  interior  of  the  earth,  and  later 
introduced  into  the  limestone  from  solutions.  Indeed,  the  evi- 
dence is  against  this  source  of  the  material,  for,  when  ore-de- 
posits have  been  formed  by  such  a  process,  tliey  are  usually  as- 
sociated with  a  characteristic  set  of  minerals,  such  as  compounds 
of  arsenic,  antimony  and  silver,  and  frequently  by  fluorspar,  etc., 
all  of  which,  with  the  exception  of  barely  more  than  a  trace  of 
fluorspar,  are  entirely  absent. 

The  Cambro-Ordovician  limestone  is  the  only  formation  in 
the  district  that  is  positively  known  at  present  to  contain  lead- 
and  zinc-ores.  Other  limestones  have  good  development  over 
parts  of  the  district,  and  apparently  oflered  equally  as  good  ad- 
vantages for  ore-deposition  as  the  Cambro-Ordovician.  There 
appears  no  real  reason  why  the  lead-  and  zinc-deposits  should 
have  been  deposited  in  one  formation  and  not  in  another,  ex- 
cept that  the  source  of  the  material  was  limited  to  the  single 
formation  in  which  they  have  been  concentrated  and  localized, 
and  in  which  they  are  now  found.  It  further  seems  unneces- 
sary to  appeal  to  highly-heated  waters  either  from  profound 
depths  or  from  connection  with  igneous  intrusions  as  a  source 
of  the  material,  since,  as  already  stated,  the  field-evidence  is 
against  such  a  process.  This  evidence  favors  the  original  de- 
position of  the  ores  in  the  Cambro-Ordovician  limestone  in  dis- 
seminated form,  but  so  very  sparsely  disseminated  as  to  render 
subsequent  localization  and  concentration  of  them  by  under- 
ground waters  along  certain  structural  lines,  previously  indi- 
cated, in  their  present  workable  form.  It  has  been  pointed 
out  that  in  some  of  the  Virginia  deposits  the  ores  are  intimately 
associated  with  the  more  carbonaceous  layers  of  the  limestone. 
Similar  associations  of  the  ores  with  limestone  containing  or- 
ganic matter  have  been  indicated  for  other  deposits  in  Virginia 
and  Tennessee.  These  associations  indicate  that  the  ores  were 
probably  introduced  as  sulphates,  and  were  reduced  by  the  or 
ganic  matter  in  the  limestone  and  deposited  as  sulphides. 

In  addition  to  the  sulphate  cycle,  it  seems  probable  that  there 
was  a  second  or  sulphide  cycle  in  which  the  metals  were  trans- 
ported as  soluble  sulphides  and  were  deposited  as  such.  This 
was  probably  the  process  of  deposition  at  Austinville,  and  in 
some  other  of  the  Virginia  deposits. 
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Many  of  the  typical  brecciardeposits  show  only  slight  or  little 
replacement  of  the  substance  of  the  limestone-fragments  by  the 
ores,  but  the  ores  were  introduced  and  deposited  with  the  cal- 
cite-dolomite  filling,  which  cement  the  broken  rock-fragments. 
Other  deposits,  like  those  at  Austin ville,  Va.,  and  Straight 
Creek,  Tenn.,  take  the  form  of  definite  ore-shoots,  which  have 
resulted  largely  by  a  replacement  process,  principally  along 
the  intersections  of  the  joint-  and  bedding-planes.  The  ming- 
ling of  the  ore-bearing  solutions  with  other  solutions  in  the 
faulted  brecciarzonesy  and  the  reaction  of  the  ore-bearing  solu- 
tions on  the  wall-rock,  limestone,  largely  resulted  in  the  pre- 
cipitation of  the  ores,  where  not  connected  with  reduction  and 
precipitation  by  organic  matter. 

As  has  already  been  pointed  out,  the  ore-deposits  are  associ- 
ated with  the  folding  and  faulting  of  the  limestone,  following 
rather  closely  the  brecciation  of  the  rock  produced  by  this 
deformation.  This  produced  ready  channel-ways  in  the  lime- 
stone for  the  free  circulation  of  the  underground  water,  and  it 
was  along  these  directions  that  the  conditions  were  favorable  to 
the  precipitation  and  deposition  of  the  metallic  sulphides. 

XV.  Thb  Virginia  Deposits. 

With  one  exception,  the  workable  deposits  of  zinc-  and  lead- 
ores  are  confined  to  the  Valley  region  of  southwestern  Virginia, 
which  I  have  already  described  in  much  detail  in  my  report 
on  the  lead-  and  zinc-deposits  of  Virginia,*  hence  they  need 
not  be  repeated  here,  particularly  since  they  are  closely  similar 
to  the  Tennessee  deposits,  which  form  a  part  of  the  same  area 
and  are  described  below. 

The  single  deposit  of  lead-  and  zinc-ores  in  Albemarle 
county,  Va.,  does  merit  description  here,  since  it  marks  the 
only  type  of  its  kind  in  these  metals  known  in  the  entire 
south.  The  mine  owned  by  the  Albemarle  Zinc  and  Lead  Co. 
is  located  2  miles  slightly  north  of  east  from  Faber,  a  station 
on  the  Southern  railway,  just  across  the  Nelson  county  line  in 
Albemarle  county,  in  the  foot-hills  of  the  Blue  Ridge,  and  there- 
fore in  the  crystalline  schists  of  the  Piedmont  plateau.  (Fig. 
28.)  The  main  developments  comprise  three  shafts,  sunk  respec- 


*  Bulletin  No.  1  of  the  Virginia  Oedogieal  Survey  (1905). 
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tively  to  depths  of  25,  50  and  120  ft.,  and  separated  by  a  dis- 
tance of  about  1,000  ft.  between  the  two  extreme  shafts.  In 
addition  to  the  three  shafts  an  adit-level  was  run  into  the  hill 
from  the  valley  bottom,  and  a  cross-cut  run  from  the  adit,  in 
and  along  the  vein,  for  a  distance  of  140  ft.,  which  extends  be- 
yond the  middle  and  deep  shaft.  The  map.  Fig.  24,  gives  a 
plan  of  the  mine  and  the  plant. 

The  rocks  in  which  the  lead-  and  zinc-ores  occur  are  meta- 
morphosed crystalline  schists,  cut  by  a  series  of  basic  igneous 
dikes  of  diabase  and  diorite.     Microscopic  study  indicates  sev- 


Scale,  y^  inch  =  1  mile.    Contour  Interval,  100  feet 

Flo.  23.— Map  of  Lead-  and  Zinc-Deposits  in  Albemablb  County,  Va. 

Buckingham  Sheet,  U.  S.  G.  S.    Qeologj  by  Thomas  L.  Watson. 

eral  types  of  the  schists  which,  in  the  outcrop,  are  easy  of  dif- 
ferentiation. These  are  thinly  schistose,  sericitic  and  chloritic 
schists,  alternated  or  interbedded  with  a  quartz-mica  conglom- 
erate schist.  The  sericite  schist  is  quite  garnetiferous,  being 
filled  in  places  with  small,  perfect  crystals  of  red  garnet.  The 
chlorite  schist  is  the  ore-bearing  rock.  It  is  thinly  fissile,  and 
thoroughly  crinkled,  the  axes  of  the  crinkling  making  an  angle 
of  about  90®  with  the  planes  of  fissility.  The  rock  contains 
little  or  no  quartz  and  feldspar,  but  is  largely  composed  of  fer- 
romagnesian  silicates.     By  the  addition  of  quartz  this  grades 
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into  the  conglomerate  schist,  which  is  composed  of  qaartiZ,  a 
little  feldspar,  and  some  mica,  more  or  less  altered  to  chlorite. 
The  rock  contains  small  fragments  of  granite,  gneiss  and 
schist,  which  are  oriented  in  the  direction  of  the  schistosity, 
and  are  partly  crushed  and  mashed  from  the  effects  of  pressure. 
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Fio.  24. — PuLN  OF  Albemable  Zinc  and  Lkad  Company's  Mike,  Neab 
Faber,  Albemable  County,  Va. 

The  fragments  are  both  angular  and  rounded.  The  rock  is 
also  cut  in  places  by  thin  stringers  of  quartz  and  pegmatite. 

The  study  of  this  series  of  rocks,  both  in  the  field  and  in  the 
laboratory,  leaves  no  doubt  of  its  sedimentary  origin.  The 
strike  is  N.  45^  to  50°  E.  and  the  dip  is  70°  to  85^  NW.  The 
exact  age  of  these  rocks  is  yet  unknown,  but  they  can  probably 
be  referred  to  pre-Cambrian. 

At  Faber's  station,  on  the  east  side  of  the  Southern  railway, 
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the  Bchists  are  cut  by  a  large  diabase  dike,  which  is  traceable 
for  several  miles  in  a  N.  from  5®  to  10®  E.  direction.  Under 
the  microscope,  thin  sections  of  the  rock  from  this  dike  show 
the  typical  diabase  texture  and  normal  composition.  From  this 
point  eastward  to  the  mine-openings  numerous  intrusions  of 
diorite  are  noted.  One  of  the  largest  of  the  diorite  dikes  is 
exposed  within  25  paces  of  the  Poplar  Tree  shaft.  These  dikes 
have  a  trend  of  N.  45®  E.,  and  are  parallel  to  the  trend  of  the 
metalliferous  vein.  The  rock  composing  the  dikes  shows  con- 
siderable alteration  of  the  minerals  composing  it.  Hornblende 
and  its  common  alteration-products,  with  quartz  and  some 
feldspar,  comprise  the  mineral  constituents.  The  diabase  dike 
at  the  station  is  of  the  normal  Mesozoic  type ;  its  substance  is 
entirely  fresh  and  unaltered,  and  it  is  probably  younger  than 
the  diorite  intrusions. 

The  metalliferous  vein  is  reported  to  have  been  traced  for  a 
distance  of  several  miles.  It  varies  in  width,  averaging  about 
4  ft.;  the  strike  is  N.  45®  E.,  exactly  paralleling  the  diorite 
dike  25  ft.  distant  on  the  northwestern  side ;  and  it  dips  80® 
to  85®  NW.  Where  opened,  it  is  of  the  lenticular  type,  com- 
posed of  bulbous  bodies  of  fluorspar  mixed  with  some  quartz, 
through  which  the  ore,  blende  and  galena,  are  distributed.  The 
fluorspar-quartz  lenses  vary  much  in  size,  and  are  oft;en  con- 
nected by  a  mere  film  of  the  same  minerals,  which  at  other 
times  may  be  lacking  altogether,  thus  giving  the  appearance  of 
the  vein  in  such  cases  of  having  given  out  A  marked  banded 
structure  is  frequently  indicated,  particularly  near  the  walls, 
which  is  due  to  included  plates  of  the  schist.  These  films  or 
plates  are  often  characterized  by  some  impregnation  of  the 
ore.  The  relation  ol  the  fluorspar-quartz  lenses  to  the  enclos- 
ing schists  are  shown  in  Fig.  25. 

The  ore,  consisting  of  blende  and  galena,  occurs  principally 
in  the  fluorspar-quartz  lenses,  although  the  schists  next  to  the 
lenses  is  often  more  or  less  mineralized.  The  blende  and  galena 
may  occur  in  separate  bands  and  irregular  masses  distributed 
through  the  lenses ;  or  they  may  occur  intimately  admixed  in 
a  single  band  or  mass  in  the  same  lens.  Fig.  26,  which  is  a 
drawing  of  a  large  mass  broken  from  one  of  the  lenses,  shows 
the  typical  occurrence.  On  working-out  the  ore,  the  two  walls 
are  entirely  smooth  and  solid.   Enough  work  has  probably  not 
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yet  been  done  to  indicate  the  true  relations  of  the  ores,  blende 
and  galena ;  but,  so  far  as  developments  extend,  there  seems  to 
be  some  tendency  in  the  galena  to  follow  or  occur  close  to  the 
foot-wall  and  the  blende  the  hanging-wall.     This  relation  may 
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Fig.  25.— Diagram  Illustrating  the  Type  op  Fissure- Vein  Formed  at 
THE  Albemarle  Zinc-  and  Lead-Mine,  Albemarle  County,  Va. 

not  continue  on  depth.  It  is  the  belief  of  the  miners  that  the 
fluorspar  and  blende  increase  on  depth,  and  that  the  quartz  and 
galena  decrease.  Sufficient  depth  has  not  been  reached,  nor 
enough  underground  work  done,  to  establish  any  relations  of 
the  ores  to  each  other  and  to  the  gangue. 
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In  addition  to  the  principal  ores,  blende  and  galena,  some 
chalcopyrite  occurs  and  some  smithsonite,  Cerussite  and 
azurite  were  reported  some  years  ago  from  the  dumps.  The 
galena  is  argentiferous,  and  arsenic  and  antimony  are  reported 
in  very  small  quantities.     Fluorspar  is  the  principal  gangue 
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Fio.  26. — Specimen  of  Fluobspab  Lens,  Showing  Distbibution  of  the 

SuiiPHIDE    MiNEBAUS,    SpHALEBITE     AND    GaxENITE.       AlBEMABLE    ZiNC 

AND  Lead  Company's  Mine,  Neab  Fabeb.     About  i  Natural  Size. 


mineral,  with  more  or  less  quartz,  and  a  little  calcite  and  feld- 
spar have  been  reported.  The  fluorspar  is  mostly  white,  but 
quite  a  sprinkling  of  the  violet  shade  occurs  in  places. 

The  very  close  association  of  the  vein  with  dikes  of  igneous 
rocks  makes  it  reasonably  certain  that  the  ores  are  genetically 
related  to  the  igneous  intrusions.     The  evidence  of  such  rela- 
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tionsbip  is  strengthened  when  the  composition  of  the  gangae 
and  the  metals  is  considered.  The  principal  and  abundant 
gangue  mineral,  fluorite,  and  the  metallic  sulphide,  argentifer- 
ous galena,  with  traces  of  arsenic  and  antimony,  constitute  an 
association  of  minerals  such  as  can  best  be  explained  on  the 
supposition  of  highly-heated  conditions.  Such  could  have  been 
deposited  only  from  waters  of  deep-seated  origin,  or  from 
waters  whose  source  of  heat  was  derived  from  intruded  igne- 
ous masse?. 

As  to  the  age  of  the  deposits,  it  can  only  be  said  that,  in  case 
the  ores  are  genetically  related  to  the  dikes  of  igneous  rock, 
they  could  not  be  older  than  the  diorite  dikes.  These  dikes 
are  found,  however,  to  be  altered  in  every  case,  and  are  pre- 
sumably older  than  the  dike  of  diabase  found  east  of  Faber 
station,  which  can,  without  much  doubt,  be  assigned  to  Meso- 
zoic  age.  The  deposits,  therefore,  could  not  be  younger  than 
the  diabase  intrusion,  and  are  probably  not  older  than  the  pe- 
riod of  dioritic  intrusion,  the  exact  age  of  which  has  not  yet 
been  fixed. 

The  dry  process  for  separating  tne  ore  is  employed  in  mill- 
ing. The  problem  is  principally  one  of  separating  the  blende 
from  the  fluorspar,  and  of  freeing  the  zinc-concentrates  from 
lead,  and  the  lead-concentrates  from  zinc.  The  ore  is  crushed 
and  sized  to  pass  a  16-mesh  screen.  All  ore  above  this  size  is 
passed  back  to  the  rolls  and  crushed  until  properly  sized.  The 
ore  thence  goes  to  4  rough  jigs,  and  from  here  to  4  finishing- 
jigs.  It  is  claimed  that  the  tailings  are  practically  freed  from 
all  ore  by  this  process.  If  not,  the  jigs  can  be  so  regulated  as 
to  make  a  nearly  complete  separation.  The  important  factor 
is  that  of  the  time  involved  in  regulating  and  running  the  jigs. 
The  trials  so  far  made  at  the  mill  required  the  jigging-procesa 
to  be  repeated  several  times  on  the  same  ore  before  a  clean 
concentrate  was  obtained. 

Through  the  kindness  of  Mr.  Wikins  U.  Greene,  Mining  En- 
gineer in  charge  of  the  plant,  several  bags  of  the  lead-  and 
zinc-concentrates  were  sent  to  me  and  were  separately  analyzed, 
giving  the  following  results : 
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Lead-  Zino- 

Concentrates.  Concentrates. 

Per  Cent.  Per  Cent 

Lead, 63.05  6.02 

Zinc, 12.12  47.88 

Iron, 8.16  7.26 

Copper, trace  0.94 

Sulphur, 19.32  29.52 

Galciam  fluoride, 1.31  4.74 

Insoluble  residue, 1.08  2.90 

Total, 100.04  99.26 

It  is  claimed  from  the  tests  made  on  the  concentrates  from 
this  mill,  that  the  following  results  represent  fairly  well  the 
average  composition : 

Copper  about  0.05  per 
cent 

Iron  about  3  per 
cent 


Zinc  concentrates :  Zinc,  55  per  cent ;  lead,  4  per  cent. 
Lead  concentrates :  Lead,  85  per  cent  ;  sine,  4  per  cent. 


The  dry  process,  employed  at  this  plant  for  separating  the 
ore,  dijSers  essentially  from  the  wet  process,  in  the  form  of  jig 
used.  The  Krom  jig  is  used,  made  of  screens  of  diflferent  size 
meshes,  substituting  air  for  water.  These  can  be  set  to  700 
puiFs  of  air  per  minute. 

XVI.  Thb  Tbnnbssbb  Deposits.* 

1.  Introductory  Statement. 

The  principal  lead-  and  zinc-deposits  of  Tennessee  are 
grouped  in  two  distinct  belts;  one  lying  near  Powell  river 
and  the  other  near  the  Holston  river.  In  the  former,  or 
Powell  belt,  ores  of  both  lead  and  zinc  occur,  intimately  asso- 
ciated, but  varying  widely  in  relative  proportions.  In  the 
Holston  belt  lead-ores  occur  but  sparingly. 

While  ores  of  the  two  metals  have  been  found  in  nearly 
every  county  of  the  upper  East  Tennessee  region,  only  a  few  of 
them  had  proved,  until  very  recently,  to  be  of  economic  im- 
portance. Mining  in  the  past  was  confined  largely  to  Mossy 
Creek,  New  Market,  Straight  Creek  and  Lead  Mine  Bend. 
Within  the  last  12  or  18  months  active  operations  in  deep 
mining  have  been  in  progress,  confined  chiefly  to  three  dis- 

^  The  Virginia  deposits  are  described  in  considerable  detail  by  me  in  BtUUttn 
No,  1  of  the  Virginia  Survey,  hence  they  will  not  be  repeated  here. 
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tinct  areas,  namely,  the  Lead  Mine  Bend  area  in  Union  county ; 
the  Straight  Creek  area  in  Claiborne  county ;  and  the  Holston 
River  area  in  Knox  and  Jefferson  counties.  The  greatest  de- 
velopment work  has  been  in  the  Holston  River  area,  which  ex- 
tends from  4  miles  east  of  Knoxville  for  more  than  20  miles 
northeastward,  paralleling  the  Holston  river  and  the  Southern 
railway.  Extensive  drilling  over  most  of  the  area  has  been  in 
progress  during  the  past  12  or  18  months.  On  the  property  of 
the  Roseberry  Zinc  Co.  drilling  has  exposed  ore  at  a  depth  of 
158  ft.,  and  it  extends  to  the  extreme  depth  drilled,  202  ft. 
The  ore  is  reported  to  average  from  12  to  15  per  cent,  of  me- 
tallic zinc,  and  it  produces  a  concentrate  containing  more  than 
60  per  cent,  of  zinc* 

2.  Description  of  the  Mines. 

The  most  important  mines  in  the  East  Tennessee  region  are 
here  divided  and  discussed  under  three  separate  areas,  namely, 
(1)  the  Lead  Mine  Bend  area  in  Union  county ;  (2)  the  Straight 
Creek  area  in  Claiborne  county;  and  (3)  the  Holston  River 
area  in  Enox  and  Jefferson  counties. 

(a)  The  Lead  Mine  Bend  Area,  Union  County 7 — ^This  area  lies 
along  and  near  Powell  river,  about  16  miles  west  of  the 
Straight  Creek  mine,  in  Claiborne  county.  It  has  been  ex- 
tensively developed,  and,  as  the  name  implies,  it  was  originally 
worked  for  lead.  Active  prospecting  is  now  in  progress  over 
the  area.  The  ore-bearing  area  is  a  narrow  zone,  having  a  di- 
rection of  N.  50°  E.,  in  which  the  rocks  are  crushed  and 
broken ;  and  it  lies  just  south  of  the  crest  of  the  Powell  anti- 
cline. At  New  Prospect  the  lead-ore  is  prominent,  and  the 
mineralized  zone  is  traced  for  several  miles  northeast  on  both 
sides  of  the  river.  Lead-  and  zinc-ores  are  found  here  and 
there  for  a  distance  of  9  miles  S.  70®  W.  of  New  Prospect 

The  ore  consists  principally  of  galena  and  blende,  with 
smithsonite,  calamine,  cerussite,  and  a  very  little  pyrite,  with 
calcite.     It  occurs  in  the  lower  layers  of  the  Knox  dolomite. 

*  Engineering  and  Mining  Journal,  vol.  Ixzx.,  No.  7,  p.  311  (August  19,  1906). 

^  I  did  not  visit  this  area ;  the  information  on  it  has  heen  compiled  from  vari- 
ous sources,  principally  from  the  Oeohgic  Atlas  of  the  United  States,  MaynardsviUe 
FoliOy  Tennessee,  TJ.  S.  Geological  Survey,  hj  Arthur  Keith ;  and  Produetian  and 
Properties  of  Zinc,  by  W.  B.  Ingalls. 
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SmithsoDite,  calamine  and  cerussite  occur  near  the  surface  in 
the  limestone  decay,  and  have  been  derived  by  weathering  from 
the  blende  and  galena.  Wide  variation  is  shown  in  the  rela- 
tive proportions  of  blende  and  galena.  At  New  Prospect, 
galena  is  the  dominant  ore,  while,  in  other  places  in  the  area, 
blende  forms  the  principal  ore. 

The  ores  are  described  as  occurring  in  the  crushed  limestone, 
and  in  crevices  which  break  the  anticlinal  fold  longitudinally. 
The  limestone  is  also  mineralized  for  some  distance  on  each 
side  of  the  crevices. 

Lack  of  transportation-facilities  seems  to  have  been  the  prin- 
cipal hindrance  to  the  development  of  this  area.  The  ore  from 
the  lead-mines  was  carted  for  a  distance  of  20  miles  over  a 
rough  road,  or  else  it  was  floated  down  the  Powell  and  Clinch 
rivers  on  flat-boats  to  Clinton,  where  it  was  smelted. 

(b)  The  Straight  Oreek  Area,  CUdbame  County. — ^The  principal 
mine  in  the  Straight  Creek  area  is  located  on  Straight  creek, 
about  6  miles  SW.  of  New  Tazewell,  and  about  3  miles  west 
of  Lone  Mountain  station,  on  the  Knozville  and  Cumberland 
(Southern)  railway.  It  is  reported  to  have  been  opened  first 
about  26  years  ago,  and  it  has  been  worked  since  at  intervals 
by  several  diiferent  companies.  It  is  worked  at  present  by  the 
Tennessee  Zinc  Co.  of  Cincinnati,  0. 

The  ores  occur  in  the  lower  layers  of  the  Knox  dolomite, 
which,  at  this  place,  is  a  fine-grained  and  compact  limestone, 
usually  of  dark  color,  and  containing  much  organic  matter  in 
places.  The  beds  strike  N.  70^  E.  and  dip  from  85^  to  45*^ 
SE.,  which  increases  to  60^  in  going  eastward.  The  ore-bodies 
are  located  near  a  fault,  and  the  rock  is  crushed  and  broken  in 
places,  forming  a  breccia  in  which  the  spaces  between  the  frac- 
tures are  smaller  than  in  other  places.  The  filling  is  largely 
composed  of  ore,  with  but  little  calcite  and  dolomite.  Subse- 
quent movement  is  indicated  in  numerous  slickenside  surfaces, 
coated  with  carbonaceous  matter  of  some  thickness,  and  at 
times  with  a  thin  film  of  pyrite. 

The  old  workings  comprise  several  pits,  from  40  to  60  ft. 
deep,  opened  along  the  strike  of  the  rock  on  top  of  the  lime- 
stone ridge,  and  several  hundred  feet  above  the  valley  bottom. 
The  ore  mined  comprised  only  the  silicate  and  carbonate  of 
zinc.     Considerable  lump  iron-ore  (limonite)  is  shown  in  the 
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dumps.  Joints,  approximately  normal  to  the  bedding-planes, 
are  conspicuously  developed  in  the  limestone  of  the  old  open- 
ings. The  ore  is  reported  to  have  been  traced  along  a  ISTE-S  W. 
direction  for  a  distance  of  about  4  miles,  and  recent  prospect- 
openings  that  promise  well  have  been  made  on  Birch  creek, 
about  2  miles  west  of  the  present  mines. 

Recent  work  at  the  mines  comprises  a  single  tunnel  driven 
into  the  ridge  from  near  the  valley  bottom  in  a  northerly  direc- 
tion for  a  distance  of  about  700  ft.,  and  at  a  depth  of  about  150 
fb.  below  the  surface.  Stoping  at  this  point  developed  an  ore- 
body  about  40  by  60  ft.  in  the  direction  of  the  strike,  and  at 
right  angles  to  the  axis  of  the  tunnel.  The  dip  of  the  ore-body 
(ore-shoot)  is  toward  the  east,  and  it  pinches  in  the  same  direc- 
tion. So  far  as  developments  extend  at  this  locality,  the  ore- 
bodies  in  general  indicate  both  eastward  dip  and  pinching;  and 
they  divide  or  split  at  the  west  end. 

In  the  early  mining  much  soft  ore,  mostly  silicate,  was  re- 
moved ;  but  within  recent  years  mining  has  been  confined  to 
the  sulphide  ores.  Blende,  some  galena,  and  in  places  much 
pyrite,  make  up  the  sulphide  ores.  These  ^,re  intimately  asso- 
ciated, and  contemporaneous  deposition  is  indicated.  In  places 
alternating  bands  of  the  sulphide  ores  were  observed.  TTsually 
the  pyrite  and  galena  are  more  or  less  distributed  through,  or 
enclosed  by,  the  blende^  though  each  may  occur  separately,  as 
is  often  the  case.  The  blende  is  fine  granular,  gray  in  color, 
and  is  disseminated.  Pyrite  may  occur  in  masses  measuring 
as  much  as  a  foot  or  more  in  diameter ;  or  as  stringers,  filling 
the  fractures  and  cementing  the  broken  rock-fragments  form- 
ing breccia ;  or  in  association  with  the  blende  and  galena. 

Very  small  stringers  or  veinlets^of  blende,  less  than  an  inch 
in  width,  may  fill  the  rock-fractures  or  cracks,  graduaUy  be- 
coming larger  and  larger  until  the  rock  substance  is  very 
largely  or  entirely  replaced  by  the  ore.  This  replacement  pro- 
cess is  illustrated  in  Figs.  27  and  28.  A  very  striking  feature 
at  these  mines  is  the  extensive  scale  on  which  replacement  ot 
the  rock  substance  by  the  sulphide  ores  has  taken  place.  Very 
little  white  calcite  or  dolomite  occurs,  though  this  may  be  due, 
in  part  at  least,  to  the  calcite  or  dolomite  being  impure  and  dis- 
colored by  iron  or  other  impurities,  as  is  undoubtedly  true  in 
places.     The  small  amount  of  white  calcite  or  dolomite  ob- 
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served  was  present  in  the  form  of  the  thinnest  films,  cementing 
the  broken  rock-fragments  together.   Barite,  fluorite  and  quartz 


Sphalerite 


Limestone 


Fig.  27. — Orb  Showing  Replacement  op  Limestone  by  Blende.    Straight 
Creek  Zinc-Mine,  Claiborne  County,  Tenn. 


Sphalerite 


>\  \<<;  Limestone,  tra^ments  of  banding 


Fig.  28.— Ore  from  the  Straight  Creek  Minks,  Showing  Replacement 
OP  Limestone  Along  Banding  by  Sphalerite.  Claiborne  County, 
Tenn. 

do  not  occur.     Fig.  29  illustrates  the  replacement  breccia  ore, 
showing  limestone  with  blende  and  galena. 
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As  is  stated  above,  the  rock  in  the  mine-openings  bears 
striking  evidence  of  its  being  more  highly  carbonaceous  than 
elsewhere, — a  fact  which  probably  indicates  that  the  solutions 
contained  the  metals  as  sulphates ;  that  they  were  introduced 
as  such,  and  were  reduced  and  precipitated  as  sulphides.  Fill- 
ing by  the  ores  was  first  along  the  fracture-  and  bedding-  planes 
extending  gradually  out  and  into  the  rock  substance  on  each 
side  by  a  process  of  replacement     Considerable  oxidation  is 


«**  3g^ 


Sphalerite 


Galena 


\'/J^V>|  Limestone 
fragments 


"y-r^^i 


Fig.  29. — ILefulcemest  Breccia  Ore,  Showing  Limestone  with  Blende 
AND  Galena.  Straight  Creek*  Mines,  5  Miles  Southwest  op  New 
Tazewell,  Claiborne  County,  Tenn. 

manifested  to  the  entire  depth  of  stoping,  150  ft.,  in  large  clay- 
seams,  which  fill  the  fractures,  and  some  associated  secondary 
soft  ores. 

A  mill,  fitted  with  crusher,  rolls  and  hand-jigs,  was  formerly 
operated  at  the  mines,  but  at  the  time  of  my  visit,  in  April, 
1905,  preparations  were  being  made  to  install  a  commodious 
and  modern  mill.  The  ore  as  mined  is  cobbed  to  a  yield  of 
about  45  per  cent,  of  zinc ;  and  it  will  probably  concentrate  in 
milling  to  an  average  of  not  less  than  52  per  cent,  of  zinc.    The 
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amount  of  iron  present  will,  as  a  rule,  probably  not  cause  much 
trouble,  and,  by  fine  crushintg  and  jigging,  much  of  the  lime 
can  be  eliminated.  Probably  the  chief  trouble  is  the  question 
of  transportation.  Carting  over  a  rough  road  for  a  distance  of 
6  miles  is  necessary  at  present.  The  nearest  railroad  point 
can  be  reached  at  a  distance  of  about  4.5  miles. 

Very  recently  prospecting  near  Goin  Post  Office,  on  Sugar 
and  Slate  creeks,  in  Claiborne  county,  and  from  6  to  7  miles 
west  of  Tazewell,  has  exposed  deposits  of  intimately  associated 
blende  and  galena. 

Occurrence  of  the  Straight  Greek  OrCj  Tenn.y  Compared  imth  that 
at  Austinvilley  Va, — So  far  as  developments  have  been  made  in 
the  Virginia-Tennessee  district,  only  at  the  Straight  Creek 
mine  in  Claiborne  county,  Tenn.,  and  the  Austinville  mine  in 
Wythe  county,  Va.,  have  well-defined  ore-bodies  been  noted. 
Over  other  parts  of  the  district  the  ore  is  of  the  typical  dis- 
seminated breccia  type,  in  which  replacement  has  played  only  a 
subordinate  part. 

The  principal  points  of  resemblance  in  the  occurrence,  asso- 
ciation and  genesis  of  the  ore  at  these  two  mines  are :  (1)  the 
presence  of  well-defined  ore-shoots ;  (2)  the  intimate  association 
of  galena  and  blende  with  subordinate  pyrite ;  (8)  similarity  in 
the  process  of  formation  in  the  ore-bodies  to  the  extent  of  first 
forming  along  the  intersection  of  the  joint-  and  bedding-planes ; 
(4)  the  extensive  replacement  of  the  limestone  substance  by  the 
sulphide  ores.  At  each  one  of  these  mines  the  process  of  ore- 
formation  was  largely  one  of  replacement. 

The  essential  points  in  which  the  two  differ  are :  (1)  the  rock 
(limestone)  in  the  Tennessee  mine  is  not  so  metamorphosed  (re- 
crystallized)  as  in  the  Virginia  mine,  and  less  secondary  calcite 
and  dolomite  occurs  in  the  former  mine ;  (2)  the  presence  of 
considerable  organic  matter  in  the  limestone  at  the  Straight 
Creek  mine,  and  its  essential  absence  at  the  Austinville  mine ; 
(3)  the  probable  introduction  of  the  metals  in  the  form  of  the 
sulphates  in  the  Tennessee  mine ;  their  reduction  by  the  or- 
ganic matter  present  in  the  limestone  and  deposition  as  the 
sulphides.  It  seems  equally  probable  that  at  the  Austinville 
mine  the  metals  were  introduced  as  soluble  sulphides,  and  were 
deposited  as  such.  In  other  words,  these  two  mines  probably 
illustrate  two  different  chemical  cycles ;  one  the  sulphate  cycle  • 
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the  Other  the  sulphide  cycle.  This  difference  probably  ob- 
tains for  the  district  as  a  whole,  sis  in  most  cases  the  field-evi- 
dence seemingly  favors  the  introduction  and  deposition  of  the 
ores  in  the  form  of  original  sulphides,  while  in  several  places 
in  Virginia  the  very  close  relation  of  the  ores,  with  certain 
layers  of  the  limestone  containing  organic  matter,  favored  the 
introduction  of  the  ores  in  the  form  of  sulphates  and  their  re- 
duction by  the  organic  matter  and  deposition  as  sulphides. 

(c)  The  Holston  River  Area^  Knox  and  Jefferson  Counties, — The 
greatest  development  work  in  the  Tennessee  district  has  prob- 
ably been  done  in  the  Holston  River  area,  which  extends  from 
4  miles  east  of  Knoxville  for  more  than  20  miles  northeastward, 
paralleling  the  Holston  river  and  the  Southern  railway.  Con- 
siderable prospecting,  in  the  form  of  drilling,  is  now  in  progress 
over  most  of  the  area.  The  principal  mines  in  this  area  that 
were  formerly  worked,  or  are  at  present  working,  are  grouped 
near  the  following  stations  on  the  Southern  railway :  Jefferson 
City  (Mossy  Creek),  New  Market,  Mascot,  McMillan  and  Cas- 
well, with  some  prospecting  on  Loves  creek,  5  miles  northeast 
of  Knoxville.  These  are  taken  up  in  their  order  and  described 
in  some  detail  below. 

(d)  Jefferson  City  {Mossy  Creek). — The  Mossy  creek  zinc-mines 
are  located  on  the  southeast  edge  of  Jefferson  City,  directly  on 
the  east  side  of  Mossy  creek,  and  about  500  ft.  southeast  of  the 
Southern  railway.  These  mines  mark  the  first  discovery  of 
zinc-ores  in  Tennessee,  during  the  period  from  1856  to  1858. 
The  first  mining  of  the  ores  is  reported  to  have  been  in  the 
year  1868,  but  systematic  mining  did  not  begin  until  1881,  and 
was  continued  until  1893.  Work  was  again  resumed  for  one 
year  in  1901. 

The  workings  comprised  open  cuts  and  pits,  tunnels  and 
shafts,  from  which  a  very  large  quantity  of  ore  was  mined. 
At  the  time  of  my  visit,  in  April,  1905,  the  mine-openings  were 
largely  filled  with  water,  and  were  only  partly  accessible.  The 
greatest  depth  reached  in  mining  is  reported  not  to  have  ex- 
ceeded 90  ft.  During  the  period  of  early  mining  the  pro- 
duction in  soft  ores  of  great  purity,  carbonate  and  silicate,  was 
considerable.  The  residual  decay,  red  clay,  which  covered  the 
soft  ores,  was  not  so  deep,  nor  was  the  underlying  limestone 
surface  of  the  pinnacle  or  "  chimney  "  structure,  as  at  the  Ber- 
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tha  and  Austinville  mines  in  Virginia.  At  present  the  mine 
openings  at  Mossy  creek  do  not  expose  greater  depths  of  the 
residual  clay  than  30  ft.,  and,  as  a  rale,  much  less. 

The  country-rock  is  the  characteristic  Knox  dolomite,  light 
gray  in  color,  of  semi-crystalline  texture,  and  contains  nodules 
and  masses  of  chert.  In  the  open  work  at  the  mines  the  rock 
has  been  profoundly  crushed  and  broken,  and  the  fragments 
cemented  by  white  crystallized  calcite  and  dolomite.  In  large 
masses  the  calcite-dolomite  filling  develops  the  typical  rhombo- 
hedral  cleavage.  An  analysis  made  of  the  calcite  part  of  the 
filling  or  cement  gave  the  following  results : 

Per  Cent 

Calcium  carbonate  (CaCO,), 93.71 

Magnesium  carbonate  (MgCOj),    .         .        .        .        .         .0.84 

Ferric  oxide    f  FejOj  1  ^  99 

Alumina         \  AlfiJ  * *        * 

Insoluble  residue, 6.08 

Total, 100.85 

Blende  is  the  ore  in  the  unaltered  limestone.  Neither  galen- 
ite  nor  pyrite  was  observed.  The  blende  is  usually  yellow  in 
color,  and  its  principal  occurrence  is  in  disseminated  form 
through  the  calcite-dolomite  filling  of  the  limestone  breccia. 
At  times,  more  or  less  replacement  of  the  limestone-fragments 
by  the  blende  is  indicated,  and  not  infrequently  the  fragments 
are  partially  rimmed  by  the  blende.  This  relation  of  the  ore 
to  the  calcite-dolomite  filling  and  to  the  limestone-fragments, 
shown  in  Figs.  10, 11  and  16,  indicate  that  the  ore  is  of  the  dis- 
seminated breccia  type.  It  is  confined  to  the  breccia-zone, 
which  has  a  nearly  N-S.  direction,  and  marks  the  plane  of  a 
large  fault. 

A  mill  was  formerly  operated  at  the  mines,  but  it  has  been 
dismantled  since  mining  was  suspended. 

(e)  New  Market — The  Ingalls  mine,  located  on  Lost  creek, 
about  2  miles  southeast  of  New  Market,  has  produced  large 
quantities  of  ore.  Considerable  work  has  been  done,  compris- 
ing several  large  open  pits  or  quarries  extending  some  depth 
into  the  hard  and  unaltered  limestone.  The  limestone  is  the 
'Knox  dolomite  of  the  same  general  character  as  described 
above  at  the  Mossy  Creek  mine.  The  beds  are  rather  flatter 
here  than  at  some  of  the  mines  further  southwest,  showing  an 

[51] 


190      LEAD-  AND   ZINC-DEPOSITS  VIRGINIA-TENNESSBB   REGION. 

average  dip  of  about  20°  8E.,  and  strike  K  65°  E.,  which  de- 
velops a  small  anticline  at  this  point.  The  strata  have  been 
broken  and  the  fragments  recemented  by  white  crystallized 
calcite  and  dolomite.  It  is  along  this  breccia-zone,  which  here 
averages  probably  not  more  than  60  ft.  wide,  that  the  ores 
have  been  localized  and  deposited.  In  occurrence  the  ore  is 
quite  similar  to  that  at  Mossy  creek,  and  it  is  of  the  same  type. 
At  both  places  the  indications  are  that  the  sulphide  ore  was 
introduced  and  deposited  simultaneously  with  the  calcite-dolo- 
mite  filling,  cementing  the  limestone  fragments. 

The  ores  comprised  carbonate  and  silicate  forms  in  the  oxi- 
dized zone  and  yellow  blende  in  the  unaltered  limestone.  A 
little  pyrite  occurs,  but  galena  is  essentially  absent.  Ingalls® 
records  the  following  analyses  of  ores  from  this  mine : 

Smlthsonlte.  Sphalerite. 

Per  OenU  Per  Cent. 

ZnCOj,        .  .8^29  ZnS, 84.76 

SiO„ 13.10  SiO„ 7.57 

>eOO„        ....      1.32  Fe,03l  .^ 

Fe,0„         ....      0.66  AlA^' 

CaCO,,        ....      1.07  CaCOs,         ....      5.98 

MgCX),,       ....      0.56  MgCO,,       ....      0.04 

(f )  Loy. — The  mines,  located  about  one  mile  slightly  south  of 
east  from  New  Market,  comprise  two  sets  of  openings,  worked 
at  difi:erent  times,  and  separated  from  each  other  by  a  distance 
of  less  than  one-quarter  of  a  mile  along  a  NE-SW.  direction. 
The  easternmost  openings  were  worked  for  a  period  of  from  12 
to  15  months  in  1892,  when  much  calamine  and  smithsonite 
were  reported  to  have  been  mined  and  shipped  to  Marion,  Ind. 
Th^  depth  reached  in  mining  extended  for  some  distance  into 
the  fresh  limestone,  but  did  not  exceed  a  total  of  50  ft.  The 
openings  are  made  in  a  brecciarzone,  and  the  fresh  rock  shows 
yellow  blende  of  similar  character  and  occurrence  to  that  de- 
scribed above  at  the  Ingalls  and  Mossy  Creek  mines,  but  prob- 
ably leaner.     Neither  galenite  nor  pyrite  was  noted. 

The  westernmost  openings  are  made  in  the  residual  clays 
mantling  the  limestone,  for  mining  the  soft  ores.  Work  was 
begun  about  15  months  ago,  and  was  in  progress  at  the  time 
of  my  visit,  in  April,  1905.     About  half  a  dozen  cars  of  soft 

8  Production  and  Properties  of  Zinc,  p.  198  (1902). 
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ores,  carbonate  and  silicate,  principally  the  latter,  had  been 
shipped  to  the  Bertha  furnaces  at  Pulaski,  Va.  Average  re- 
turns from  the  last  car  of  ore  gave  44.20  per  cent  of  zinc.  The 
thickness  of  the  residual  mantle  will  not  exceed  40  ft.,  but  the 
conditions  seemingly  favor  a  rather  large  area  of  concentrated 
soft  ores  derived  in  the  usual  way  by  weathering  from  the  sul- 
phide, sphalerite. 

About  two  miles  southwest  of  New  Market,  near  Friend's 
Station,  recent  prospecting  indicates  the  presence  of  blende  in 
the  magnesian  limestone. 

(g)  Mascot — The  property  of  the  Roseberry  Zinc  Co.  is  lo- 
cated about  one  mile  west  of  Mascot,  between  Roseberry  creek 
and  the  Holston  river.  For  about  a  year  this  company  has 
been  constantly  drilling  its  property,  with  encouraging  results. 
At  the  time  of  my  visit,  in  April,  the  work  comprised  one  large 
opening,  a  number  of  smaller  openings,  and  a  shaft  which  had 
reached  a  depth  of  116  ft.,  penetrating  30  ft.  of  residual  clay 
and  the  remaining  depth  of  brecciated  limestone.  Ore  was 
found  at  a  depth  of  104  ft.  The  shaft  has  been  continued  to 
a  depth  ^of  172  ft.,  drifting  on  a  14-ft.  face  of  ore,  which  aver- 
ages from  12  to  15  per  cent  of  zinc,  and  producing  a  concen- 
trate of  about  60  per  cent  of  zinc.® 

The  large  opening,  which  was  worked  to  some  depth  in  the 
limestone,  exposes  a  typical  breccia  of  the  same  character  de- 
scribed above.  Blende  is  the  ore,  and  it  is  associated  with  the 
calcite-dolomite  filling  or  cement;  disseminated,  as  a  rule, 
through  it  in  fine  granular  form,  and  as  irregular  small  crys- 
talline masses.  Galena  seems  not  to  occur,  but  quite  a  sprink- 
ling of  pyrite  is  found  in  places.  A  common  occurrence  of  the 
ore  is  that  of  filling  the  cracks  in  the  crushed  limestone  by  it 
and  calcite-dolomite.  As  a  rule,  replacement  is  only  slightly 
indicated.  Large  quantities  of  soft  ores  are  reported  to  have 
been  mined  some  years  back. 

The  dip  of  the  limestone-beds  varies,  giving  a  probable  aver- 
age of  20°  SE.,  with  much  steeper  inclinations  noted  in  places; 
strike  N.  35°  E.  At  one  point  a  crust  or  druse  of  small  gyp- 
sum crystals  was  noted. 

A  commodious  mill,  equipped  with  the  necessary  jigs,  break- 
ers, rolls  and  tables,  is  in  operation.     The  ore  is  free  from  such 

•  Engineering  and  Mining  Joum.,  vol.  Izzz.,  No.  7,  p.  311  (August  19,  1905). 
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impurities  as  barite,  pyrite  and  fluorspar,  which  at  times  are 
sources  of  much  trouble  in  some  ores,  but  its  fine-grained  dis- 
seminated character  requires  fine  crushing  and  very  careful 
milling,  with  jigs  and  tables,  in  order  to  free  it  from  the  lime- 
stone and  give  a  clean  concentrate. 

(h)  McMillan^  Caswell  and  Loves  Creek. — ^Less  than  half  a 
mile  north  of  McMillan  some  open  work  and  drilling  have  re- 
cently been  done,  exposing  yellow  blende  in  a  brecciated  dolo- 
mite, similar  to  the  occurrences  described  above.  Galenite  and 
pyrite  do  not  occur.  Measurements  of  the  limestone  beds 
gave  an  average  dip  of  25°  SE.  and  a  strike  of  N.  45°  E. 

Drilling  was  in  progress  in  April  about  half  a  mile  northeast 
of  Caswell  with  reported  favorable  indications. 

About  5  miles  northeast  of  Knoxville,  on  the  north  side  of 
the  Southern  railway,  and  on  both  sides  of  Loves  creek,  some 
open  work  has  recently  been  done.  Here  the  dolomite  is  brec- 
ciated, and  it  contains  thin  masses  or  leaves  of  greenish  shales 
that  are  much  crushed.  Considerable  chert  is  contained  in  the 
limestone,  and  in  several  instances  blende  in  association  with 
the  chert  was  observed  to  be  partially  altered  to  calamine. 
Galena  and  pyrite  are  absent.  The  limestone  beds  show  a 
strike  of  K  65°  E.  and  dip  from  30^  to  85°  SE. 

(i)  Other  Localities, — In  Blount  county,  across  the  Tennessee 
river  and  south  of  Knoxville ;  and  in  Bradley  county,  from  20 
to  80  miles  east  of  Chattanooga,  galena  is  found  in  a  number 
of  places  in  suflicient  quantity  to  make  mining  profitable. 
Mining  and  prospecting,  where  galena  is  found  in  these  coun- 
ties, indicate  that  the  ore  is  disseminated  through  the  Cambro- 
Ordovician  limestone  (Knox  dolomite).  In  Bradley  county  the 
ore  occurs  most  abundantly  near  the  base  of  the  Knox  dolo- 
mite, and  in  the  heavy  blue  limestone  at  the  top  of  the  Cona- 
sauga  shale  (Cambrian).  For  some  years  galena  has  been 
mined  and  smelted  at  Blue  Springs,  a  station  on  the  Southern 
railway,  about  6  miles  south  of  Cleveland.  Similar  conditions 
to  those  at  Blue  Springs  are  found  in  many  places  over  the 
area,  and  doubtless  future  prospecting  will  reveal  valuable  de- 
posits. 

Recently,  prospecting  has  been  quite  active  over  a  consider- 
able part  of  Blount  county,  and  in  many  places  the  results  are 
very  encouraging.     The  Valley  Mount  Lead  Co.  has  done  con- 
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siderable  work  in  the  way  of  cuts,  tunnels,  etc.,  and  is  now  pre- 
paring to  drill  its  property.  The  occurrence  of  the  ore  is  re- 
ported to  be  similar  to  that  of  southeastern  Missouri,  but  it 
carries  a  higher  percentage  of  lead  than  the  latter.  At  the 
Cedar  Ridge  mine,  where  some  work  in  the  form  of  cuts  and 
shafts  has  been  done,  the  indications  are  that  drilling  will 
probably  prove  the  property  to  be  a  valuable  one.  Prospect- 
ing, suflScient  only,  as  a  rule,  to  indicate  the  presence  of  lead- 
ore,  has  been  carried  on  at  several  points  in  the  county,  princi- 
pally along  and  near  the  Louisville  and  Nashville  railway. 

XVn.  General  Conclusions  Regarding  the  Orbs. 

From  the  previous  description  and  discussion  the  following 
conclusions  seem  to  be  warranted : 

1.  The  zinc-  and  lead-ores  of  the  Great  Valley  region  of  Vir- 
ginia-Tennessee were  originally  deposited  with  the  limestone 
in  which  they  were  subsequently  localized  and  concentrated 
and  are  now  found.  Unlike  the  deposits  of  this  district,  the 
one  in  Albemarle  county,  Va.,  occurs  in  crystalline  schists,  and 
was  probably  genetically  connected  with  igneous  intrusions. 

2.  The  district  is  one  of  intense  deformation, — ^folding, 
faulting  and  brecciatiou.  The  ores  are  closely  associated  with 
the  faulting  and  folding,  and  are  of  the  disseminated  replace- 
ment breccia  type. 

3.  The  accumulation  and  concentration  of  the  ores  as  they 
are  now  found  were  by  circulating  underground  waters.  These 
were  probably  transported  in  the  form  of  both  sulphates  and 
sulphides;  and  they  were  precipitated  and  deposited  in  their 
present  position  partly  by  organic  matter  and  partly  by  the 
mingling  of  solutions  and  the  reaction  of  the  ore-bearing  solu- 
tions on  the  wall-rock,  limestone. 

4.  From  the  character  of  the  metallic  sulphides  and  the 
associated  minerals,  neither  a  profoundly  deep  circulation  of 
underground  waters  nor  of  a  circulation  connected  with  igne- 
ous rock-masses,  was  responsible  for  the  deposition  of  the  ores. 

6.  The  associated  minerals  of  the  non-metallic  type  include 
dolomite  and  calcite  in  crystalline  form  as  the  principal  ones, 
with  a  little  fluorite,  quartz  and  barite  found  in  several  places 
in  the  Virginia  area. 

6.  Replacement  has  been  an  important  process  in  the  for- 
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mation  of  the  ores  over  a  part  of  the  district.  The  common 
evidences  of  sulphide  enrichment  are  lacking,  and  the  sulphide 
ores  are  regarded  as  the  products  of  a  first  or  primary  concen- 
tration. 

7.  The  soft  or  oxidized  ores,  carbonates  and  silicates,  were 
produced  by  the  alteration  of  the  original  sulphide  ores,  galen- 
ite  and  sphalerite,  in  the  zone  of  oxidation. 

XVin.  Bibliography. 

The  list,  which  follows  below,  includes  the  titles  of  all  the 
principal  papers  published  relating  to  the  zinc-  and  lead-de- 
posits of  Virginia  and  Tennessee. 

BoTD,  Chas.  R.  :  The  Wythe  Lead  and  Zinc  Mines,  Virginia.     Engineering  and 

Mining  Joumalj  1893,  Vol.  55,  pp.  561-562,  566. 
The  Mineral  Wealth  of  Southwestern  Virginia.     Trans.,  viii.,  338-348  ;  also 

v.,  81. 
The  Ores  of  Cripple  Creek,  Virginia.     Trans*,  zii.,  27-40. 
The  Mineral  Resources  of  Southwestern  Virginia,  Wiley  and  Sons,  New  York, 

1881,  381  pages. 
The  Mineral  and  Other  Besources  of  Southwestern  Virginia.     The  Virginian, 

1880,  Vol.  1,  p.  89. 
Branner,  J.  C.  :  The  Zinc-  and  Lead-Ore  Deposits  of  North  Arkansas.     Trans,, 

xxxi.,  572-603. 
Cas£,  William  H.  :  The  Bertha  Zinc  Mines  at  Bertha,  Virginia.     Engineering 

and  Mining  Journal,  1893,  Vol.  56,  pp.  292-294. 
The  Bertha  Zinc  Mines  at  Bertha,  Virginia.     Trans.,  zxii,  511—536. 
Clerc,  F.  L.  :  The  Mining  and  Metallurgy  of  Zinc  in  the  United  States.     Min- 
eral Resources  of  the   United  States,  U.  S.  Oeotogical  Survey,  1883,  pp.  358- 

386.     See  p.  365  for  Virginia. 
Credner,  H.  :  ZeitschrififUr  die  gesammten  Naturunssenschc^en,  1870,  VoL  34,  p.  24. 
Dewey,  F.  W.  :  Note  on  the  Falling  Cliff  Zinc  Mine.     Trans.,  x.,  111-112. 
DuKKiNOTON,  F.  p.  :  Analysis  of  Aragonite  Containing  Lead  from  the  Austin- 

ville  Mine,  Wythe  county,  Virginia.     Proceedings  of  the  American  Chemical 

Society,  Vol.   2,  No.  1,  p.    14.      The  Metallurgical  Review,  1878,  Vol.   2, 

p.  284. 
Bertha  Virginia  Zinc  Ore  and  Spelter.     The  Virginias,  1881,  Vol.  2,  p.  147. 
Fontaine,  W.  M.  :  Notes  on  the  Geology  and  Mineral  Besources  of  the  Floyd 

Virginia  Plateau.     The  Virginias,  1883,  Vol.  4,  pp.  186-193. 
Genth,  F.  H.  :  Contributions  to  Mineralogy.     Proceedings  of  the  American  PkUo' 

sophieal  Society,  1886,  Vol.  23,  pp.  30-47.     See  pp.  45-46  for  Virginia. 
Heyward,  B.  H.  :  On  a  Zinc-Bearing  Clay  from  the  Neighborhood  of  the  Bertha 

Zinc  Mines,  Pulaski  county,  Virginia.     Chemical  News,  1881,  Vol.  44,  p. 

207.     The  Virginias,  1882,  Vol.  3,  p.  4. 
HiOQiNS,  Edwin,  Jr.  :  Zinc  Mining  and  Smelting  in  Southwestern  Viiginia. 

Engineering  and  Mining  Journal,  1905,  Vol.  79,  pp.  608-610,  658-659. 
Inoalls,  W.  R.:  Production  and  Properties  of  Zinc,  1902,  Ist  Ed.,  pp.  197-204. 

[56] 


LEAD-  AND   ZINC-DBP0SIT8  VIRGINIA-TBNNBSSBB   RBQION.      195 

Keith,  A. :  Oeoloffic  Atlas  of  the  U.  S.  Morriatoum  Folio^  U.  S.  Oeologieal  Survey, 

1896. 
Oeoloffu:  Atlas  of  the  U.  S,  Mayjiardville  Folio,  U,  S,  Geological  Survey,  1901. 
Kemp,  J.  F. :  Ore  Deposits  of  the  United  Slates  ofl^d  Qmada,  New  York,  6th  Edi- 
tion, 1903,  pp.  247-249. 
KiLLEBREW,  J.  6.  and  Sofford,  J.  M.  :  Resources  of  Tennenu^  1874,  pp.  267- 

8,  541. 
HcCbeath,  a.  S.  and  i^  lNyii«LiERS,  R  V.  :  The  New  River-Oripple  Creek  Mii^ 

end  Begum  o^  Virginia.     Harrisburg,  Pa.     1887,  pp.  18,  24,  40,  51,  54-58, 

70-76,  82,  89. 
McDowell,  E.  H.  :  Stripping  Ore  Deposits.     Tram,,  xviii.,  627-633. 
MoxHAM,  R  C. :  Zinc  Smelting  at  the  Bertha  Works,  Virginia.     Engineering  and 

Mining  Journal,  Vol.  56,  1893,  p.  544. 
Payne,  C.  Q.  :  The  Zinc  Ores  of  Virginia.     Engij^eering  ofnd  Mining  Journal, 

1904,  Vol.  77,  p.  544. 
Seamon,  W.  H.  :  The  Faber  Lead  and  Zinc  Mines.     The  Virginias,  1885,  VoL  6, 

p.  47. 
Stbvensok,  J.  J.  :  a  Geological  Beconnaissance  of  Bland,  Giles,  Wythe  and 

Portions  of  Pulaski  and  Montgomery  Counties,  Virginia.    Proceedings  of 

the  American  Philosophical  Society,  1887,  Vol.  34,  pp.  61-108. 
BooEBSy  W.  B. :  A  Reprint  of  the  Geology  of  the  Virginias,  1884,  pp.  139-140. 
Von  Gboddeck,  At^sbbcht  :  Die  Lehre  von  der  LagerstaUen  der  Erze,    Leipsig, 

1879,  pp.  103-104. 
WiNBLOW,  Arthur  :  Lead  and  Zinc  Deposits  of  Missouri.     Geological  Survey  of 

Missouri,  1894,  Vol.  6,  387  pages.     See  pp.  129-131  for  Virginia. 
X.  Y.  Z. :  Zinc  Mining  in  Tennessee.    Engineering  and  Mining  Journal,  1905,  Vol. 

80,  p.  311. 


[57] 


BUBJBGT  TO  BEVI8I0K. 


[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


The  Mining,  Preparation  and  Smelting  of  Virginia 
Zinc-Ores. 

BY  THOMAS  LEONARD  WATSON,   VIRGINIA  POLYTECHNIC  INSTITUTB, 
BLACK8BURG,   VA.       . 

(Bethlehem  Meeting,  February,  1906.) 

Introduction. 

In  a  paper  read  by  title  at  the  Washington  meeting  of  the 
Institute/  May,  1905, 1  discussed  at  considerable  length  the  geo- 
logical relations,  mode  of  occurrence,  and  the  genesis  of  the 
lead-  and  zinc-ores  of  the  Virginia-Tennessee  region.  The 
present  paper  treats  of  the  purely  economic  phases  of  the  zinc- 
ores  of  the  district;  such  as  methods  of  mining  the  ores,  their 
preparation  and  treatment.  The  Albemarle  county  mines  and 
plant  were  discussed  in  the  paper  referred  to  above,  and  will 
not  be  considered  here. 

Methods  of  Mining. 

Until  very  recently  the  mining  of  lead-  and  zinc-ores  in  Vir- 
ginia was  limited  wholly  to  the  surface  belt  of  weathering. 
The  mode  of  occurrence  and  the  character  of  the  ores  to  be 
mined  were  such  as  to  demand  the  employment  of  methods 
used  in  mining  secondary  concentrated  ores.  Accordingly,  a 
system  similar  to  that  practiced  in  mining  brown  iron-ores  was 
employed,  being  modified  to  meet  the  changed  conditions. 

Oxidized  or  Soft  Ores. — Up  to  the  present  time  practically  all 
the  ore  mined  in  the  Virginia  district  has  been  of  the  oxidized 
or  soft  type ; — ^the  silicate,  calamine,  and  the  carbonate,  smith- 
sonite ;  largely  the  former,  which  has  been  localized  and  con- 
centrated at  only  slight  depths  below  the  surface.  Because  of 
the  extreme  irregularity  with  which  the  limestone  weathers 
when  stripped  of  the  overlying  residual  clay,  it  presents  a 
roughened  surface  of  large  and  small  irregular  "  chimneys " 


^  Lead-  and  Zinc-Deposits  of  the  Virginia-Tennessee  Begion,  Bi-MonUUy  Bui- 
lding No.  2,  March,  1906,  p.  139. 
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and  pinnacles  of  the  hard  rock,  as  shown  in  Figs.  1  and  2.  It 
is  in  the  depressions  between  the  pinnacles,  and  extending 
some  distance  up  and  on  their  sides,  occasionally  passing  over 
the  pinnacles  from  bottom  to  top,  that  the  ores  have  been  con- 
centrated. The  ores  hug  somewhat  closely  the  irregular  sur- 
face of  the  limestone  and  are  overlain  by  the  clay.  In  this 
mode  of  occurrence  the  ore  averages  from  1  to  25  ft.  in  thick- 
ness, and  its  depth  below  the  surface  will  not  exceed  80  or 
90  ft.,  usually  much  less. 

Such  an  occurrence  favored  the  working  of  the  ores  in  the 
beginning  by  the  method  of  "open-cut"  mining,  the  usual 
method  practiced  in  the  region  for  mining  the  brown  iron-ores 


Fig.  1.— Section  Through  the  Bertha  Zinc  Mines,  Showing  Occurrence 
OF  Zinc-Ore  in  Relation  to  the  Limestone  and  Clay,  and  the  Method 
Formerly  Employed  in  Mining  the  Ore.  (Modified  from  Fig.  7,  of 
Mr.  Case's  paper,  Trans.,  xxii.,  524.) 

(limonite).  The  open-cut  method  of  mining  the  zinc-ores  dif- 
fers, however,  from  that  of  mining  the  iron-ores,  in  that  the 
former  is  one  essentially  of  stripping,  while  in  the  latter  the 
ores  and  inclosing  clays  are  mined  together  and  sent  to  the 
washer  for  separation. 

At  Bertha,  the  most  systematically  worked  of  the  Virginia 
soft  ore  zinc-mines,  the  method  of  open-cut  mining  was  followed 
until  the  fall  of  1889,  when  a  change  was  made.  The  difficul- 
ties of  the  open-cut  mining  at  Bertha  were  numerous,  and,  as 
the  work  progressed,  these,  added  to  the  increased  cost  of  re- 
moving the  clay,  necessitated  a  change  in  the  method.  The 
chief  object,  however,  in  making  this  change  was  to  secure  a 
steady  and  sufficient  output  for  the  furnaces,  as  well  as  to  lessen 
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the  cost  of  mining.  Accordingly,  a  system  of  underground 
mining  was  introduced,  the  ore  being  reached  through  shafts 
3.5  ft.  in  diameter  sunk  in  the  clay.  Inexpensive  plank  shafts 
of  38  in.  square,  inside  diameter,  were  also  used.  These  were 
sunk  to  the  limestone  bottom  at  the  deepest  points.  Timbered 
drifts  were  then  driven  in  the  ore,  following  it  around  the 
"chimneys."  When  the  chimneys  were  thus  encircled  at  a 
given  level,  a  second  drift  was  established  or  run  upon  the  ore 
below.  In  this  way  drifts,  one  after  another,  were  carried 
around  and  over  the  chimney  until  all  the  ore  had  been  entirely 
removed  from  it.  This  method  of  mining  is  illustrated  in  Fig. 
1,  which  is  a  modification  of  Fig.  7,  in  the  paper  by  Mr.  Wil- 
liam H.  Case.*  Fig.  2  is  a  photographic  view  of  the  "chimneys" 
at  Ivanhoe,  Va.  The  ore  was  wheeled  to  the  shafts,  where  it 
was  loaded  into  iron  buckets  and  hoisted  by  steam-power.  It 
was  then  dumped  into  cars  of  about  2  tons'  capacity,  and  car- 
ried by  a  locomotive  to  the  dumps  at  the  head  of  the  water- 
carriage.  The  ore,  as  thus  mined,  was  reported  to  have  con- 
tained about  26  per  cent,  of  metallic  zinc. 

On  the  Lead  Mine  tract  at  Austinville,  10  miles  west  of 
Bertha,  lead-  and  zinc-ores  above  ground-water  level  have  been 
mined  for  150  years.  Large  quantities  of  the  ores  have  been 
removed,  mined  principally  by  the  open-cut  method.  Much 
underground  mining  was  done  above  ground-water  level,  con- 
sisting of  shafts,  drifts  and  stopes,  reaching  a  maximum  depth 
of  250  ft.  Both  the  open-cut  and  underground  mining  have 
been  done  without  any  apparent  system.  The  soft  lead-ores 
were  mined  on  this  tract  for  a  long  period  of  years  before  at- 
tention was  given  to  the  zinc-ores,  if,  indeed,  they  were  recog- 
nized at  all. 

The  method  used  in  mining  the  lead-ore  seems  to  have  been 
that  of  following  the  ore,  by  irregular  underground  openings, 
down  from  the  surface  through  the  clays  wherever  found,  re- 
sembling a  very  crude  form  of  stoping.  Ordinarily,  little  or 
no  timbering  was  done,  regard  being  had  only  for  the  present 
mining  of  the  ore. 

The  Sulphide  Ores. — Practically,  no  sulphide  ores  have  been 
mined,  and,  apart   from   prospecting  and  development-work. 


«  The  Bertha  Zinc-Mines,  Tram,,  xxii.,  511-636  (1893). 

[3] 


200        MINING,    PREPARATION    AND    SMELTING   OF    ZINC-ORES. 

practically  no  underground  mining  in  the  hard  rock,  limestone, 
has  been  done.  This  has  been  due,  not  to  a  lack  of  the  sul- 
phide ore,  blende,  in  the  limestone,  but  to  the  fact  that  the  soft 
or  oxidized  ores  within  the  belt  of  weathering  were  adequate 
for  the  needs  of  the  furnaces.  Now  that  the  known  areas  of 
soft  ores  seem  very  limited,  considerable  exploitation  of  the 
sulphide  ore-bodies  in  the  hard  limestone  is  in  progress  over 
the  Virginia-Tennessee  region.  In  Virginia  the  outlook  is  very 
encouraging  at  Austinville  and  Cedar  Springs  in  Wythe  county, 
and  at  several  points  in  Rye  Valley  in  Smyth  county.  In  Ten- 
nessee equally  promising  results  are  indicated  in  three  areas : — 
the  Holston  River  area  in  Knox  and  Jefferson  counties,  the 
Straight  Creek  area  in  Claiborne  county,  and  the  Powell  River 
area  in  Union  county. 

Preparation  and  Smelting  of  the  Ores. 

Washing  and  Milling, — The  preparation  and  treatment  of  the 
ores  can  best  be  explained  by  describing  the  methods  formerly 
used  and  at  present  practiced  at  the  two  largest  worked  and  the 
most  extensive  mines  in  the  Virginia  district,  namely,  Bertha 
and  Austinville.  At  Bertha,  mining  for  zinc-ores  has  been 
discontinued,  and  the  mines  are  now  being  worked  for  brown 
iron-ore.  However,  a  description  of  the  former  treatment  of 
the  Bertha  zinc-ores  will  be  of  interest  at  this  time. 

The  Bertha  Ores. — The  mining  of  zinc-ores  at  Bertha  was 
stopped  in  1898,  when  the  property  was  leased  to  the  Pulaski 
Iron  Co.,  for  the  purpose  of  mining  iron-ores.  The  hope  ex- 
ists, however,  that  more  available  zinc-ore  will  be  found  when 
the  covering  of  iron-ore  has  been  removed. 

Two  storage-bins  for  receiving  the  ore  as  mined  were  built 
on  the  bluff  overlooking  New  river,  about  0.75  miles  from  the 
mines.  These  were  built  on  timbered  trestles  leading  out  from 
the  hillside,  and  were  provided  with  V-shaped  floors,  down  the 
center  of  which  passed  a  cast-iron  water-trough,  12  in.  wide  and 
6  in.  deep.  The  ore  was  hauled  from  the  mines  to  the  bins  in 
tram-cars,  where  it  was  fed  into  the  water-trough  and  carried 
thence  by  a  current  of  water  to  the  dressing-house,  13ft.  below. 
The  water  used  was  pumped  into  a  large  tank  above  the  bins 
on  the  hilltop,  and  there  stored  and  fed  as  required.     The  in- 
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clined  plane  between  the  troughs  was  used  to  hoist,  by  steam, 
timbers  and  supplies  for  the  mines. 

The  dressing-house  was  a  three-story  building,  reported  to 
have  been  well  equipped  with  all  the  necessai^y  automatic  ma- 
chinery for  the  concentration  of  zinc-  and  iron-ores.  The  zinc- 
ore  was  brought  down  the  trough,  falling  upon  a  grizzly, 
through  which  the  large  lumps  were  broken.  All  the  material 
was  then  passed  into  a  single  log-washer,  where  it  was  given  a 
gentle  sluicing,  to  free  the  ore  from  adhering  clay. 

Because  of  its  porous  structure  and  the  clay  contained  in  the 
cavities,  it  was  necessary  to  treat  the  lump-ore  further  by  pass- 
ing it  through  a  Blake  breaker  and  a  pair  of  Cornish  rolls. 
From  the  rolls  the  ore  passed  to  conical  revolving-screens, 
where  it  was  sized ;  the  large  pieces  dropped  upon  a  steel-plate 
conveyor  and  were  hand-picked.  The  small  pieces  passed 
down  to  four  sets  of  Parson  jigs,  on  which  they  were  thorr 
oughly  concentrated.  The  tailings,  resulting  from  this  treat- 
ment, were  passed  through  a  spitzkasten  or  classifier,  and 
thence  to  two  Harz  jigs.  The  slimes  were  discharged  into  a 
slime  pond,  from  which  the  muddy  water  was  drained  off  into 
the  river. 

The  capacity  of  the  dressing-house  is  reported  to  have  been 
80  tons  of  concentrated  zinc-ore  per  day  of  10  hr.  The  yield 
is  said  to  have  been  approximately  one-third  of  the  crude  ore 
treated,  and  the  product,  dried  at  212°  F.,  is  reported  of  the 
following  average  composition : — 

Zn  (metallic),  88.08;  ZnO,  47.61;  SiO„  29.37;  Fe,0„  A1,0„ 
9.23;  CaCO„4.54;  MgCO,,  2.07;  H,0  (combined),  8.23 ;  Pb, 
tr. ;  total,  101.05  per  cent. 

A  roasting  plant,  consisting  of  an  8-ft.  Taylor  gas-producer 
and  a  30-ft.  cylindrical  roaster,  was  operated  for  expelling  the 
moisture  from  the  ore. 

The  AusiinviUe  Ores. — The  run-of-mine  ore  at  Austinville  is 
said  to  average  in  composition  from  28  to  30  per  cent,  of  zinc 
(metallic),  from  8  to  10  per  cent,  of  lead  (metallic),  and  from  8 
to  10  per  cent,  of  iron  (metallic).  A  brief  sketch  is  here  given 
of  the  method  of  treating  the  Austinville  ore  from  the  time 
it  is  mined  until  it  is  ready  for  the  furnaces  at  Pulaski.  A 
general  view  of  the  Austinville  Zinc-  and  Lead-Mines  plant  is 
given  in  Fig.  3. 
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The  ore,  aa  mined,  is  carried  by  trolley  to  tipples;  from 
wheDce  it  is  carried  by  tram-cars  to  the  mill,  and  dumped  on 
a  4-in.  grizzly;  thence  to  a  log-washer  through  a  9-  by  15-in. 
Blake  breaker  set  at  1.5  in. ;  and  thence  to  14-  by  24-in.  cor- 
rugated rolls  set  at  6  mm.  From  the  corrugated  rolls  the  ore 
is  carried  to  a  second  log-washer,  thence  to  elevator  and  sizing- 
screens  of  6-mm.,  2-mm.,  and  1-mm.  mesh,  respectively. 

The  oversize  from  the  6-mm.  screen  goes  to  smooth  rolls,  12 
by  18  in.  in  size,  and  is  returned  to  the  system  or  second  log- 
washer.  The  undersize  from  the  6-mm.  on  2-mm.  screen  goes 
to  the  4-compartment  Cooley  jigs;  1st  hutch  and  side-draw 
making  clean  lead;  2d  hutch  and  side-draw,  middling,  re- 
crushed  and  returned  to  the  system  or  second  log-washer;  3d 
and  4th  hutches,  clean  zinc.  Tails  are  passed  to  settling- 
boxes  ;  head  of  boxes  reworked.  Lighter  material  goes  to  the 
oxide  furnaces. 

Undersize  from  2-mm.  on  1-mm.  screen  goes  to  the  5-com- 
partment  jigs ;  1st  and  2d  hutches  and  side-draw  making  clean 
lead;  3d  hutch  and  side-draw,  middling;  4th  and  5th  hutches 
and  side-draw,  clean  zinc.     Tails  go  to  boxes. 

Undersize  from  1-mm.  screen  goes  to  a  3-compartment  clas- 
sifier; 1st  and  2d  draw  to  6-compartment  jigs;  1st  and  2d 
hutches  and  side-draw  making  clean  lead ;  3d  and  4th  hutches 
and  side-draw,  middling ;  5th  and  6th  hutches  and  side-draw, 
clean  zinc.     Tails  go  to  boxes. 

Third  draw  from  classifier  and  overfiow  goes  to  the  3-com- 
partment double  jigs;  1st  and  2d  hutches  making  clean  lead; 
8d  hutch,  middling,  reworked.     Tails  go  to  boxes. 

The  middlings  and  tails  from  all  jigs  are  treated  in  4-com- 
partment jigs,  as  described  above.  The  overflow  from  Ist  and 
2d  log-washer,  except  the  lower  end  or  lighter  material,  goes 
to  settling-boxes,  25  ft.  long  and  8  ft.  wide  ;  thence  to  the  oxide 
furnace. 

The  lead-concentrates,  averaging, — lead,  57;  zinc,  4.8;  and 
iron,  3.29  per  cent.,  go  to  the  Scotch  hearth  furnace,  which 
makes  metallic  lead  and  gray  slag,  the  latter  averaging, — ^lead, 
81;  zinc,  25;  and  iron,  13.3  per  cent.  This  slag  goes  to  the 
slag-furnace,  which  makes  metallic  lead  and  slag,  averaging 
3.5  per  cent,  of  lead. 

The  zinc-concentrates  are  carried  bj-  tram-cars  from  the  mill 
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Fig.  2. — General  View  in  the  Mine  Openings  at  Ivanhoe,  Virginia, 
Showing  the  Irregular  Weathered  Limestone  Surface  into  pin- 
nacles OR  ** Chimneys/'     (Photograph  by  II.  Ries.) 


Fig.  3. — General  View  of  the  Austinville  Zinc-  and  Lead-Mineh  Plant. 
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KiG.  4.— Thk  Oxide  Furnaces  at  Austinville,  Virginia. 


Fig.  6. — Roasting  Furnace  for  Treatinc;  Zinc-Skimmings. 
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to  the  separators,  where  they  are  put  through  a  revolving  dryer 
to  expel  moisture  and  combined  water  to  the  amount  of  7  per 
cent.  Thence  to  a  water-cooled  scraper-conveyor  to  the  top 
of  building  by  elevator  to  sizing-screens  of  0.6-mm.,  1-mm., 
2-mm.,  and  0.25-in.  holes.  Oversize  from  0.25-in.  screen  is 
returned  to  12-  by  14-in.  rolls  set  close.  Undersize  re-enters 
the  system.     From  screen  to  bins,  four  sizes. 

The  four  sizes,  which  pass  through  screens,  go  to  Wetherill 
magnetic  separators,  one  4-  and  one  6-magnet  machine;  the 
smallest  sizes  going  to  the  smaller  machine.  Heads  from  sepa- 
rators, containing  iron,  47,  and  zinc,  from  5  to  7,  per  cent,  are 
shipped  to  the  iron-furnace.  Tails  from  separators,  containing 
zinc,  43.5;  iron,  from  5  to  6;  and  lead,  15  to  20  per  cent,  are 
shipped  to  the  zinc-furnace.  The  capacity  of  the  mill  is  about 
90  tons  of  raw  ore  per  day  of  10  hours. 

Zinc  Oxide  Plant — This  plant,  consisting  of  12  furnaces,  has 
only  recently  been  added,  mainly  for  the  purpose  of  utilizing 
the  low-grade  ore  and  tailings,  which  were  formerly  discarded. 
After  thorough  testing,  the  plant  has  proved  entirely  satisfac- 
tory. The  grade  of  ore,  including  tailings  used  for  making  the 
oxide,  will  average  from  15  to  20  per  cent,  of  metallic  zinc. 
The  zinc  oxide  is  conducted  from  the  furnaces,  through  a  8-ft. 
iron  cylinder,  600  ft.  long,  where  it  looses  nearly  all  of  its 
heat  in  transit,  into  bags.  At  present,  the  zinc  oxide  is  sent 
to  the  Pulaski  furnaces,  where  it  is  used  for  making  spelter. 
No  attempt  is  made  to  purify  the  zinc  oxide  sufficiently  to  mar- 
ket it  as  zinc-white.  As  now  made,  the  zinc  oxide  is  white, 
contains  about  4  per  cent,  of  lead,  and  averages  from  70  to  80 
per  cent  of  metallic  zinc.  A  view  of  the  zinc  oxide  plant  at 
Austinville,  Va.,  is  given  in  Pig.  4. 

The  successful  operation  of  this  plant  at  Austinville  is  of 
great  importance,  since  it  conclusively  points  out  a  method  for 
utilizing  low-grade  zinc-ores,  which  elsewhere,  it  is  claimed, 
cannot  be  profitably  worked  for  making  spelter. 

The  Bertha  Smelting-Plant. 

Location  and  Equipment — The  only  zinc-smelting  plant  in  the 
South,  located  at  Pulaski,  Va.,  is  owned  and  operated  by  the 
Bertha  Mineral  Co.  This  plant  was  built  soon  after  the  be- 
ginning of  zinc-mining  at  Bertha,  Wythe  county,  Va.,  in  1879. 
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It  was  remodeled  and  enlarged  in  1886,  and,  at  present,  it  con- 
sists of  10  large  smelting  furnaces,  ore-sheds  or  bins,  refiners, 
coal-pit,  engine-room,  pottery,  metal-storage  houses,  and  a 
roasting  furnace.  Sufficient  railway-trackage  is  in  operation 
around  the  plant  for  shifting  the  cars ;  and  a  narrow-gauge  road 
is  operated  between  the  plant  and  the  company's  coal-mine  at 
Altoona,  from  which  all  the  coal  formerly  used  was  derived ; 
but,  at  present,  only  the  "  firing  "  coal  or  reducing-material  is 
obtained. 

Furnaces. — The  10  furnaces  are  of  the  Belgian  type,  hand- 
fired,  built  in  5  blocks  of  2  furnaces  each,  placed  back  to  back. 
The  furnaces  are  8  ft.  deep,  30  ft.  wide,  and  24  ft.  from  top  to 
bottom  of  foundation.  They  have  an  average  capacity  of 
20,000  lb.  of  spelter  every  24  hr.  The  capacity  of  each  fur- 
nace varies  from  1,800  to  3,000  lb.  of  metal  per  24  hr.,  de- 
pending on  the  grade  of  ore  used.  Each  furnace  consists  essen- 
tially of  a  large  skeleton  combustion-chamber,  lined  in  the  back 
with  fire-brick,  and  having  an  iron  frame-work  front  The  re- 
torts are  inserted  from  the  front,  with  the  back  ends  resting  on 
a  fire-brick  support,  built  out  from  the  back  lining,  so  that  when 
in  position  the  retorts  incline  slightly  toward  the  front  of  the 
ftirnace.  Each  furnace  is  fitted  with  140  retorts,  arranged  in 
seven  rows  of  20  each. 

The  grates,  placed  from  3.5  to  4  ft.  below  the  lowest  row  of 
retorts,  are  from  10  to  12  in.  wide  and  13  ft.  long.  A  pecu- 
liarity is  that  the  grates  have,  beside  the  three  solid  bars  placed 
lengthwise,  two  hollow  bars,  arranged  ^one  on  either  side  next 
to  the  wall.  These  are  charged  by  water  under  pressure.  Along 
the  tops  of  the  hollow  bars  are  perforations,  through  which  the 
water  escapes  when  it  is  turned  on  at  intervals.  These  water 
sprays  strike  the  under  side  of  the  cinder,  forming  on  the 
grate,  and  serves  to  break  it  up  thoroughly,  so  that  the  ash  is 
fine  and  pulverulent.  This  produces  a  clear  fire  and  a  cool  ash- 
pit. Pocahontas  coal  is  used,  and,  on  account  of  its  high 
grade  and  the  clean  grates  resulting  from  the  use  of  the  water 
spray,  described  above,  its  consumption  is  low.  A  fairly  uni- 
form heat  is  obtained  over  all  the  furnaces. 

The  fire-boxes  are  narrow,  deep  and  long.  The  furnaces  are 
fired  from  either  end,  the  entire  length  of  the  grate-surface 
being  26  ft.,  with  a  sloping  divide  in  the  middle,  and  chimney- 
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draft.  A  very  heavy  bed  is  used,  so  that  each  furnace  practi- 
cally becomes  a  gas-producer.  The  doors  are  closed,  and  air 
is  introduced  through  small  holes  in  the  front  of  the  furnace, 
which  can  be  closed  as  needed.  Additional  draft  is  provided 
above  the  furnace  for  regulating  the  heat. 

Retorts  and  Condensers. — The  retorts  used  are  either  round 
or  oval.  The  dimensions  of  the  round  retorts  are : — ^length,  4  ft 
2  in.;  inside  diameter,  8  in.;  thickness,  1.5  in.;  capacity,  1,251 
cu.  ft.  The  oval  or  elliptical  retort,  of  a  capacity  of  1,228  cu. 
ft.,  is  placed  on  the  lower  rows  of  the  furnace,  each  retort 
being  so  placed  that  its  greater  diameter  is  in  a  vertical  posi- 
tion. The  retorts  were  all  made  at  the  company's  plant  on  a 
Wooley  tile-machine,  of  a  capacity  of  100  retorts  per  day  of  10 
hr.  These  retorts  are  made  from  the  best-grade  of  St.  Louis, 
Mo.,  fire-clay,  which  is,  perhaps,  not  so  refractory  as  some  other 
more  siliceous  clays,  but  is  regarded  as  the  best  material  for 
this  purpose. 

After  coming  from  the  machine,  the  retorts  are  arranged  in 
a  drying-room  for  two  weeks,  and  held  at  a  constant  tempera- 
ture of  about  80°  F.  They  are  then  placed  in  a  second  room, 
the  temperature  of  which  is  100°  F.,  where  they  are  kept  for 
two  months.  Just  before  being  placed  in  the  furnace  the  re- 
torts are  stacked  in  kilns  and  fired  for  16  hours. 

The  condensers  are  21  in.  long  and  8.5  in.  in  diameter  at 
one  end,  the  other  end  being  slightly  smaller  than  the  retorts. 
These  are  all  made  of  local  clay,  mixed  with  that  from  grind- 
ing the  old  retorts.  Shortly  before  being  used  or  placed  in 
position,  they  are  washed  inside  with  a  mixture  of  water  and 
fire-clay,  in  order  to  prevent  the  metal  from  soaking  into  them. 
The  retorts  are  luted  to  the  condensers  with  a  mixture  of  one- 
third  clay  and  two-thirds  coal ;  enough  water  being  added  to 
bring  the  mixture  to  the  proper  consistency. 

Materials  Used  in  Charging. — At  present,  the  materials  used 
in  charging  are : — local  ores,  including  the  silicate  and  carbo- 
nate of  zinc ;  crude  zinc  oxide,  containing  from  70  to  80  per 
cent,  of  metallic  zinc,  and  made  from  local  ores  at  Austinville ; 
willemite,  anhydrous  zinc  silicate,  from  Franklin,  jS".  J.,  aver- 
aging 48  per  cent,  of  metallic  zinc;  zinc  flue-dust  from  the 
iron-furnaces ;  and  zinc-skimmings  from  the  galvanizers,  which 
are  first  given  a  preliminary  roast  in  a  special  furnace  in  order 

[11] 


208        MINING,    PREPARATION    AND   SMELTING   OP   ZINC-ORES. 

to  drive  off  the  aramonia  and  chlorine.  The  zinc-skimmings 
are  easily  fired,  and  are  usually  smelted  alone.  No  sulphide 
ores  are  handled  at  present.  Fig.  5  is  a  view  of  the  furnace 
for  roasting  zinc-skimmings. 

As  a  rule,  the  ore,  as  delivered  at  the  plant,  is  ready  for  the 
furnaces;  it  being  sized  to  pass  about  a  6-mm.  mesh  screen. 
Some  lump  ore,  however,  is  received,  which  is  crushed  and 
sized  to  an  J-mesh  size  before  using.  The  retort-charges  are 
usually  mixed,  though  some  of  the  furnaces,  as  occasion  de- 
mands, are  run  on  special  material  alone,  such  as  the  zinc 
oxide  from  Austinville.  The  only  difficulty  in  smelting  the 
oxide  alone  is  the  slight  tendency  to  "  ball  up,"  which  makes 
it  necessary  to  introduce  a  mechanical  mixer  in  order  to  pro- 
duce a  more  intimate  contact  between  the  ore  and  the  carbon. 
For  this  reason  the  oxide  is  usually  mixed  with  some  ore  before 
smelting. 

The  charges,  consisting  of  ore  and  fuel,  mixed  in  the  proper 
proportions,  are  wheeled  to  the  furnaces,  moistened  with  water, 
and  mixed  on  the  hearth  by  shoveling.  The  charges  are  all 
mixed  by  weight.  At  present,  the  oxide,  willemite,  crude  ore, 
coal  and  coke  are  mixed  on  the  hearth,  as  described,  and  used 
for  charging.  The  mixture  and  fuel  are  charged  tightly  into 
the  retorts ;  a  condenser  is  then  inserted  into  the  mouth  of  each 
retort,  and  luted  and  sealed  perfectly  tight. 

Distillation  and  Tapping, — The  furnaces  having  been  made 
ready  and  fired,  the  reduction  of  the  zinc  in  the  retorts  takes 
place  according  to  the  following  formula :  ZnO  -f-  C  i=  Zn  +  CO. 
The  CO  acts  as  a  further  reducing  agent,  thus :  ZnO  +  CO  = 
Zn  +  COj.  The  zinc  vapor  passes  from  the  retorts  into  the  con- 
densers, where  it  collects  in  the  form  of  molten  metallic  zinc. 
There  are  three  taps  made  during  a  run  of  24  hr.  After  the 
last  tap  is  made,  the  fires  are  allowed  to  slacken,  the  con- 
densers are  removed,  and  the  retorts  are  thoroughly  cleaned 
with  an  iron  rabble.  Each  retort  is  inspected  with  a  hook  be- 
fore recharging,  so  as  to  be  sure  of  its  being  thoroughly  clean; 
and  it  is  also  inspected  for  holes  and  cracks.  It  is  claimed  that 
the  retorts  cannot  be  cleaned  by  blowing  out  with  steam,  as 
practiced  in  the  West,  on  account  of  the  siliceous  character  of 
the  materials  used.  The  time  required  to  complete  the  process 
at  the  Virginia  furnaces  is  longer  than  at  the  western  furnaces, 
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BO  that,  in  the  case  of  the  former,  the  furnaces  are  cooler  for  a 
longer  time  than  at  the  western  ones.  The  breakage  of  retorts 
is  small,  being  only  from  0.6  to  0.9  per  ton  of  ore  smelted. 

Spdter. — Three  grades  of  spelter  are  produced,  branded,  ac- 
cording to  purity:  "Bertha  Pure  Spelter;"  "  Old  Dominion  " 
and  "  Southern."  The  Bertha  Pure  Spelter  has  a  world-wide 
reputation,  and  is  sold  under  guarantee  of  99.98  per  cent,  of 
metallic  zinc.  The  following  analyses  afford  an  excellent  idea 
of  its  purity : — 

Sample  I.  Sample  II.  Sample  III. 

Zinc  (by  difference),  ....  99.949  99.981  99.963 

Iron 0.010  0.019  0.0J2 

Lead, 0.035  trace  0.012 

Sulphur, none  trace  0.001 

Silicon, 0.206  none  0.202 

Carbon, trace  none  none 

Arsenic, none  none  none 

As  will  be  noted  from  the  above  analyses,  the  Bertha  Pure 
Spelter  is  practically  free  from  all  impurities.  It  is  extensively 
used  abroad  and  in  the  United  States  for  Government  work. 
It  is  produced,  in  part,  directly  from  the  furnace ;  but  it  can  be 
produced  from  either  of  the  other  brands.  Old  Dominion  or 
Southern,  by  refining  in  a  special  patented  furnace,  in  which 
the  metal  is  redistilled  carefully  in  order  to  avoid  carrying  over 
any  of  the  lead.  The  Old  Dominion  brand  of  spelter  contains 
from  0.2  to  0.4  per  cent.,  and  the  Southern  brand  from  0.8  to 
1  per  cent,  of  lead. 

The  plant  of  the  Bertha  Mineral  Co.  is  famed  for  the  high- 
grade  of  its  spelter.  To  some  extent  this  is  due  to  the  purity 
of  the  materials  used,  being  specially  free  from  iron,  and  to  the 
fact  that  carbonate  and  silicate  ores  only  have  been  used ;  the 
chief  reason,  however,  is  because  of  the  good  furnace-work. 

Tests. 

Some  very  interesting  and  important  tests  at  the  Pulaski 
plant  have  recently  been  conducted  on  low-grade  mixed  ores. 
One  of  the  most  important  of  these  was  on  a  lot  of  mixed  car- 
bonate and  sulphide  ores  from  north  Arkansas.  It  was  found 
necessary,  first  to  give  the  mixture  a  roast  in  order  to  desul- 
phurize the  blende  present  in  the  mixture.  By  giving  the 
mixture  a  slow  roast  the  sulphur  was  driven  off  without  loss  of 
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the  zinc  in  the  carbonate,  and,  at  the  same  time,  the  carbonate 
was  benefited  by  having  the  carbon  dioxide  expelled.  The  suc- 
cess of  this  experiment  has  resulted  in  the  willingness  of  the 
Bertha  plant  to  treat  the  Arkansas  ore,  which,  at  present,  is 
somewhat  of  a  drag  on  the  Western  market.  This  probably 
opens  up  a  better  future  for  the  Arkansas  ores,  and,  at  the  same 
time,  points  to  an  additional  source  of  ore-supply  for  the  Vir- 
ginia plant. 

Whenever  it  was  possible  to  get  it,  Tennessee  ore  has  been 
used.  However,  the  lime  present  in  the  Tennessee  sulphide 
ores  seems  to  interfere  with  the  work,  since,  by  desulphurizing 
the  ore,  calcium  sulphate  is  formed,  which  cannot  be  removed. 
Perhaps  the  principal  reason  for  this  is  the  finely  dissemi- 
nated character  of  this  ore.  This  objection  can  be  met,  how- 
ever, and  a  reasonably  clean  concentrate  carrying  little  or  no 
lime  can  be  produced,  by  carefully  milling,  jigging  and  tabling 
the  ore. 

The  Bertha  Mineral  Co.  has  not  been  producing  ore  from  its 
property  during  the  past  year,  for  the  reason  that  it  has  been 
and  is  still  engaged  in  exploiting  and  developing  the  very 
promising  bodies  of  sulphide  ore  at  Austinville. 

Future  Development. 

Prom  the  beginning  of  mining  zinc-ores  in  southwestern  Vii"- 
ginia  to  the  present  time^  about  35  years,  attention  has  been 
given  exclusively  to  the  removal  of  the  soft  or  oxidized  ores, 
the  carbonate  and  the  silicate.  Now  that  the  known  supply  of 
these  ores  in  the  district  is  rapidly  diminishing,  the  problem  in 
the  future  will  be  that  of  mining  sulphide  ores.  Already  con- 
siderable activity  is  manifested  over  both  the  Virginia  and 
Tennessee  districts  in  prospecting  for  and  developing  sulphide 
ores.  Very  encouraging  results  are  obtained  in  places,  and 
there  seems  sufiBcient  reason  for  regarding  the  district  as  a 
promising  one  for  workable  bodies  of  sulphide  ores. 

The  very  favorable  location  of  the  district  as  regards  abun- 
dant fuel-supplies,  cheap  labor  and  ample  transportation-facili- 
ties, should  make  it  possible  to  work  lower-grade  ores  more 
profitably  than  in  many  of  the  central  and  western  districts. 

The  ores  yet  found  are  in  the  Shenandoah  limestone,  or  its 
equivalent  in  East  Tennessee,  the  Knox  dolomite.     The  Shen- 
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andoah  limestone  includes  all  of  the  Knox  formation  and  at 
least  1,500  ft.  of  Cambrian  strata  beneath  it.  The  ores  appar- 
ently extend  from  near  the  bottom  to  the  top  of  the  limestone, 
and  they  are  closely  associated  with  the  folding,  faulting  and 
brecciation  of  the  district. 

Tennessee. 
Conditions  similar  to  those  in  Virginia  exist  in  the  Tennessee 
district.  The  same  ores  are  found,  and,  as  in  Virginia,  much 
of  the  zinc-mining  in  Tennessee  has  been  done  on  the  soft  ores, 
smithsonite  and  calamine,  which  are  alteration-products  from 
the  original  sulphide,  sphalerite.  At  the  present  time,  atten- 
tion has  been  chiefly  directed  to  the  exploiting  of  sulphide  ores, 
and,  during  the  past  12  or  18  months,  much  testing  has  been 
in  progress  over  parts  of  the  district,  principally  in  the  form  of 
drilling.  This  is  particularly  true  of  the  Holston  River  area, 
in  Ejiox  and  Jefferson  counties,  and  the  results  seem  quite  en- 
couraging. At  least  two  other  areas  in  Tennessee,  namely,  the 
Straight  Creek  and  Powell  River  areas,  show  equally  encourag- 
ing results  in  the  presence  of  workable  sulphide  ores.  From 
the  very  nature  of  the  deposits,  the  methods  of  mining  and 
preparation  of  the  ores  in  the  two  States  are  closely  similar. 
The  Tennessee  ores  have  been  shipped,  in  part,  to  the  Virginia 
smelter  at  Pulaski,  and  in  part  to  the  Indiana  smelter  at  Marion. 
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The  Kurzwernhart  Gas-Saving  Process. 

BY  JOSEPH  HARTSHORNE,  POTTSTOWNE,   PA. 
(Bethlehem  Meeting,  February,  1906.) 

Ever  since  the  introduction  of  the  Siemens  regenerative  fur- 
nace, it  has  been  recognized  that  a  certain  amount  of  gas  is 
lost  each  time  the  furnace-action  is  reversed.  This  loss  comes, 
first,  from  the  gas  which  passes  through  the  free  connection 
between  the  stack  and  the  gas-main,  which  exists  during  the 
time  the  reversing-valve  is  turning  over ;  and,  secondly,  from 
the  gas  which  is  in  the  chamber  and  flues,  from  the  hearth  to 
the  reversing-valve,  and  which  flows  back  into  the  stack  when 
the  valve  is  reversed.  The  amount  lost  each  time  is,  of  course, 
small ;  but,  since  a  furnace  is  reversed  from  four  to  six  times 
every  hour  for,  say,  800  days  in  the  year,  the  aggregate  is  large 
enough  to  be  well  worth  attention.  The  estimate  has  been 
published*  that,  in  Germany  alone,  the  loss  from  the  first  of  the 
above  causes  amounts  to  500,000  marks  per  year.  The  loss 
from  the  second  cause  is,  of  course,  much  greater. 

A  process  for  saving  this  entire  loss,  in  use  at  Teplitz,  Bo- 
hemia, for  about  three  years,  would  seem  to  be  of  value  even  in 
this  country,  where  coal  is  cheaper  and  where  the  small  econo- 
mies are  not  watched  as  closely  as  they  are  in  Europe.  This  pro- 
cess, invented  by  Mr.  Adelbert  Kurzwernhart,  late  Technical 
Director  of  the  Teplitzer  Walzwerk,  has  been  worked  out  with 
thoroughness.  The  loss  from  each  cause  can  be  calculated  very 
closely  for  any  particular  furnace,  and  the  results  to  be  ex- 
pected from  the  process  ascertained.  It  can  easily  be  decided, 
therefore,  whether  it  is  worth  while  to  adopt  it  under  any  given 
conditions. 

The  amount  of  chamber-gas  lost  depends  upon, — (1),  the 
cubic  contents  of  the  chamber,  ports  and  flues  upon  one  side 
of  the  furnace,  up  to  the  reversing-valve  (deducting,  of  course, 

^  StaM  und  Eiaen,  March  1,  1903. 
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the  volume  of  the  regenerative  brick) ;  (2),  upon  the  tempera- 
ture of  the  gas  in  them ;  and  (8),  upon  the  number  of  reversals 
per  hour.  The  amount  of  coal  lost  depends  upon  the  number 
of  cubic  feet  of  gas  evolved  from  a  pound  of  it ;  and  the  final 
factor  in  ascertaining  the  money  loss  is,  of  course,  the  price  of 
the  coal  per*  ton  at  the  producer.  All  of  these  factors  vary 
greatly  among  different  works,  and  the  value  of  the  process 
for  each  particular  case  must  be  determined  from  the  special 
conditions  which  there  exist. 

The  temperature  of  the  gas  varies  from  about  200°  C.  at  the 
reversing-valve  to  about  1,100**  C.  at  the  ports;  600°  C,  may  be 
taken  as  a  fair  average  for  the  purpose  of  calculation.  In  order 
to  establish  a  fixed  basis  for  comparison,  the  volume  of  the  gas 
must  be  reduced  to  that  at  zero  C,  by  the  following  formula, 
in  which  V^  is  the  volume  of  the  gas  at  zero  C,  V(==  1)  its 
volume  at  the  temperature  of  the  chamber,  x  is  the  coefficient 
of  expansion  for  each  degree  C,  and  t  (=  6*00°)  is  the  tempera- 
ture of  the  chamber : — 

Vi  = K ==  I =  0.312. 

V+{xx()       1  +  (0.003665  x  600) 

In  this  country  the  volume  of  gas  produced  from  a  pound  of 
coal  ranges  from  about  25  cu.  ft.  for  the  lignites  to  about  72 
cu.  ft.  for  the  best  producer-coals.  A  fair  average  for  the  coals 
in  general  use  appears  to  lie  between  60  and  70  cu.  ft.  per 
pound,  say  66  ft.,  although  some  of  the  best  authorities  fix  this 
average  at  60.  The  saving  in  coal  per  year,  in  tons,  is  then 
found  by  the  following  formula,  in  which  S  is  the  net  saving  in 
tons,  V  is  the  net  cubic  content  of  the  chamber,  ete.,  a  is  the 
volume  of  gas,  at  zero  C,  from  1  lb.  of  coal,  and  n  is  the  num- 
ber of  reversings  per  hour : — 

nx  24  X  300  X  V^^  j^ 

S  = ,,,,-,,, —  =  1.0028  — • 

2240  « 

For  example,  assume  a  50-ton  furnace,  reversing  four  times 
per  hour,  and  the  cost  of  coal  at  )2  per  ton.  The  net  cubic 
content  of  the  flues,  chamber  and  ports  will  be  about  3,700  cu. 
feet.     The  loss  per  year  will  be : — 
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1.0028  X  4  X  3700 


66 


X  2  =  $449.74. 


If  the  furnace  be  reversed  six  times  per  hour,  as  is  sometimes 
done,  the  loss  will  then  be  50  per  cent,  greater,  or  $674.61  per 
year.  Of  course,  the  poorer  the  coal  in  gas-producing  quality, 
the  greater  will  be  the  loss,  since  more  of  it  is  required  to  pro- 
duce 1  cu.  ft.  of  gas. 

The  loss  through  the  reversing-valve  depends  on  its  area, 
the  duration  of  the  time  of  reversing,  the  velocity  of  the  gas- 
current,  and  the  temperature  of  the  gas  in  the  flue,  together 
with  the  amount  of  gas  produced  by  1  lb.  of  coal,  and  the  price 
of  the  latter.  The  loss  of  coal  per  year  is  found  as  follows : 
A  being  the  area  of  the  reverse-valve,  JD  the  velocity  of  the 
current  (taken  at  15  ft.  per  second),  t  the  temperature  of  the 
gas,  n  the  number  of  reversings  per  hour,  and  a  the  volume  of 
gas,  at  zero  C,  from  1  lb.  of  coal,  the  duration  of  the  reversing 
being  taken  at  5  seconds : — 

AxD               5  X  n  X  24  X  300 
X 


1  +  (.003665  X  t) 

2240 
^  X  15  n  X  3600 

_  1-f  (0.003665"x200)^         a        ^ ^g    ^    ^^ 
—  "  22'40  '       o, ' 

For  a  50-ton  furnace,  with  a  30-in.  gas-reversing  valve,  the 
area  of  the  valve-opening  is  4.9  sq.  ft.,  the  velocity  of  the  gas- 
current  is  about  15  ft,  per  second,  the  temperature  of  the  gas 
is  about  200°  C,  the  duration  of  reversing  5  seconds,  and  the 
number  of  reversings  is  4  per  hour.  The  loss  per  year,  with 
coal  at  $2  per  ton,  will  then  be : — 

139.11  X  4.9  X  4  X  2       ^qo  ^i 
66 •=»82.71. 

If  the  furnace  be  reversed  6  times  per  hour,  the  loss  will  be 
$124.07  per  year.  The  total  loss,  from  both  causes,  will  be, 
therefore,  $532.45,  with  4  reversings  per  hour;  and  $798.68, 
with  6  reversings. 

The  idea  of  the  Kurzwernhart  process  is  to  sweep  into  the 
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furnace  and  utilize  all  the  gas  in  the  ports,  chamber  and  flues, 
which  is  now  lost  in  reversing,  and,  incidentally,  to  prevent 
any  loss  through  the  reversing- valve  into  the  stack.  This  is 
accomplished  by  providing  an  auxiliary  air-valve  opening  into 
the  gas-flue  between  the  furnace  and  the  gas-valve,  as  near  as 
possible  to  the  latter,  and  by  closing  the  gas-valve  during  re- 
versing. The  method  of  procedure  is  to  close  the  gas-valve 
just  before  reversing,  as  is  now  quite  generally  the  practice,  and 
then  to  open  the  auxiliary  air-valve.  The  air,  rushing  in 
through  this  opening,  sweeps  all  the  gas  in  the  flues  and  cham- 
ber into  the  furnace,  where  it  is  burned  with  useful  effect 
When  all  of  this  gas  has  been  burned,  which  is  easily  deter- 
mined by  observation  through  the  peep-hole,  the  auxiliary  air- 
valve  is  closed,  the  furnace  is  reversed,  and  the  gas-valve  is 
opened  as  before. 

In  considering  this  process,  the  possible  danger  of  explosion, 
when  the  auxiliary  air-valve  is  opened,  at  once  suggests  itself. 
The  best  comment  on  this  suggestion  is  the  fact,  that,  during 
the  three  years  in  which  the  process  has  been  in  use  at  Tep- 
litz,  no  explosion  has  taken  place.  In  reality,  however,  there 
is  no  such  danger  so  long  as  the  gas  in  the  reversing-valve  is 
above  the  temperature  at  which  it  will  ignite.  When  it  is  above 
this  temperature,  the  gas  will  always  at  once  ignite  along  the 
line  of  contact  as  soon  as  the  in-rushing  air  strikes  it.  The 
products  of  combustion  then  formed  will  act  as  a  separating- 
layer  between  the  gas  and  the  air,  and  thus  prevent  further 
mixing  or  combustion.  Since  the  gas  is  pushed  through  the 
comparatively  narrow  flues  and  chamber  with  considerable 
velocity,  there  is  neither  time  nor  space  for  the  dissipation  of 
the  separating-layer. 

Little,  or  none,  of  the  gas  is,  therefore,  consumed  in  the 
chamber  or  flues,  and  there  is  no  danger  of  burning-out  the 
brick-work  more  rapidly  than  usual.  Experience  has  shown 
that  there  is  no  difference  in  the  life  of  the  brick-work  whether 
the  process  be  used  or  not.  Of  course,  any  heat  that  may  be 
produced  by  the  gas  which  burns  in  the  valve-casing,  or  beyond 
it,  goes  into  the  furnace,  or  is  absorbed  by  the  checker-brick, 
and  is  thus  utilized. 

Another  possible  source  of  trouble  is  the  leaking  of  the  aux- 
iliary air-valve  during  the  ordinary  working  of  the  furnace, 
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more  especially  because  this  valve  is  usually  a  simple  flap.  If 
there  be  a  plenum  in  the  gas-flue,  as  was  usually  the  case  for- 
merly, the  only  result  of  such  a  leak  would  be  a  little  loss  of 
gas,  which  would  detract  just  so  much  from  the  economy  of  the 
process.  Under  conditions  of  present  practice,  however,  there 
is  often  a  slight  vacuum  in  the  gas-flue,  resulting  in  a  small 
in-draft  through  whatever  leak  there  may  be.  This  vacuum 
should  not  ever  exceed  0.2  in.  of  water,  and  probably  does  not 
average  more  than  0.16  in.  (4  mm.).  If  the  air  so  entering  be 
of  suflicient  quantity,  trouble  might  be  caused  by  combustion, 


Fig.  1. — SuppiiEMKNTAii  AiB  Valve. 

provided  it  entered  the  valve-casing,  but  no  calorific  loss  would 
result,  as  stated  above,  except,  possibly,  from  radiation. 

There  is  no  reason,  however,  why  this  supplemental  gas- 
valve  should  be  allowed  to  leak,  even  if  the  most  convenient 
form,  that  of  a  flap,  be  used.  Such  a  valve  can  easily  be 
constructed  so  that  it  will  always  close  tightly,  and  a  simple 
and  eflective  form  is  shown  in  Pig.  1.  The  flap  lies  at  an 
angle  of  about  60°,  and  is  made  stiff  enough  to  resist  warp- 
ing under  ordinary  conditions.  The  bearing-  and  seating-sur- 
faces are  finished,  and  enough  play  is  provided  between  the 
journal  and  its  bearings  to  prevent  jambing,  and  to  allow  the 
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flap  to  adjust  itself  by  its  own  weight.  The  upper  part  of  the 
journal-bearing  is  made  flat  instead  of  round,  to  allow  this  self- 
adjustment  to  take  place  more  freely.  A  valve  so  constructed 
will  always  seat  itself  tightly,  and  will  continue  in  good  con- 
dition for  a  long  time.  This  form  is  in  use  at  Teplitz,  and  it 
has  never  leaked  any  appreciable  amount 

A  proof  of  the  absence  of  leakage  at  the  auxiliary-valve,  or 
elsewhere,  is  the  fact  that  it  is  impossible  to  draw  much  of  the 
gas  from  the  chamber  into  the  furnace  by  merely  shutting-off 
the  gas-valve,  and  then  waiting  a  certain  length  of  time  before 
reversing.  In  the  absence  of  some  opening  to  admit  the  air 
behind  it,  only  so  much  of  the  gas  will  pass  into  the  furnace  as 
is  forced  out  by  the  expansion  due  to  the  greater  heat  of  the 
chamber.  Moreover,  should  any  leakage  occur,  it  would  have 
to  be  very  considerable  to  do  any  harm.  A  slight  amount  of 
air  mixed  with  producer-gas  does  not  make  it  either  explosive  or 
combustible,  and  any  small  amount  of  flame,  produced  directly 
in  front  of  the  leak,  would  be  extinguished  by  the  gas  itself. 

Another  objection  which  has  been  urged  against  the  process 
is  the  fact  that  cold  air  is  admitted  to  the  gas-chamber,  thus 
absorbing  an  undue  amount  of  heat,  which  is  lost  when  the  fur- 
nace is  reversed  and  this  air  passes  out  into  the  stack.  The  air 
does  carry  out  a  greater  amount  of  heat  than  the  gas  does  under 
present  practice,  but  calculation  shows  that  the  loss  from  this 
cause  is  very  small,  as  compared  to  the  saving  by  burning  the 
gas  eftectively.  This  is  also  shown  by  the  fact  that  careful 
tests  of  the  fuel-consumption  of  furnaces  run  for  a  certain 
length  of  time  with  the  Kurzwernhart  process  and  for  the 
same  length  of  time  without  it,  other  conditions  being  kept  as 
similar  as  possible,  have  shown  that  the  coal  saved  was  8.5  per 
cent,  greater,  by  actual  weight,  than  that  which,  by  calculation, 
was  to  have  been  expected. 

Although  there  is  no  danger  of  explosion  in  using  air  to 
sweep  the  gas  into  the  furnace,  when  ordinary  care  is  used,  it 
can  be  made  absolutely  impossible  by  a  modification  of  the 
process  in  which  the  products  of  combustion  are  used  for  this 
purpose  instead  of  air.  In  this  case,  a  reservoir  is  provided 
of  sufficient  capacity  to  hold  a  little  more  than  enough  of  these 
products  to  replace  the  gas  in  the  chamber  and  flues.  This 
reservoir  may  be  built  either  of  plates  above  ground,  or  of 
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brick-work  under  ground,  according  to  preference  or  conveni- 
ence. During  the  ordinary  running  of  the  furnace,  there  is 
open  communication  between  the  smoke-flue,  reservoir  and 
chimney,  which  is  so  regulated  by  damper  that  the  reservoir  is 
kept  full  at  all  times.  At  the  time  of  reversing,  the  main  gas- 
valve  is  shut,  and  also  the  connections  between  the  reservoir, 
smoke-flue  and  chimney.  A  valve,  placed  between  the  reser- 
voir and  the  gas-flue,  as  close  to  the  reversing-valve  as  possible, 
is  then  opened,  and  also  one  between  the  reservoir  and  the 
outer  air.  The  air  rushes  into  the  reservoir  and  forces  the  prod- 
ucts of  combustion  ahead  of  it  into  the  flues  and  chamber,  thus 
sweeping  the  gas  into  the  furnace.  As  soon  as  all  of  the  gas 
is  burned,  the  connections  between  the  reservoir,  gas-flue  and 
the  air  are  closed,  those  between  the  reservoir,  smoke-flue  and 
chimney  are  opened,  the  furnace  is  reversed,  and  the  main 
gas-flue  is  opened. 

It  will  be  seen,  at  once,  that  the  only  difference  between  this 
method,  and  the  use  of  gas  direct,  is  the  substitution  of  a  thick, 
extraneously  produced,  separating  layer  of  products  of  com- 
bustion between  the  air  and  the  gas  for  the  comparatively  thin 
layer,  naturally  produced  in  situ.  The  advantages  of  this  use 
of  the  products  of  combustion,  instead  of  air  direct,  are, — that 
explosion  is  made  absolutely  impossible,  that  all  trouble  from 
a  possible  leak  in  the  auxiliary  air-valve  is  prevented,  and  that 
less  heat  is  lost  when  the  products  of  combustion  pass  back 
out  of  the  chamber  into  the  smoke-flue,  since  the  temperature 
of  these  gases,  when  they  enter  the  chamber,  is  considerably 
higher  than  that  of  the  outside  air.  As  already  stated,  how- 
ever, there  is,  under  proper  conditions,  no  danger  of  explosion 
when  using  air  direct;  there  is  no  leakage  of  air  through  the 
auxiliary  valve,  when  it  is  properly  made ;  and  the  loss  entailed 
by  the  use  of  cold  air  as  a  pushing-agent  is  hardly  worth  con- 
sidering. On  the  other  hand,  the  smoke-process  involves  a 
more  complicated  apparatus,  and  requires  more  floor-space. 

The  apparatus  for  either  variety  of  the  process  can  be  applied 
to  any  existing  form  of  reversing-valve.  A  detailed  description 
of  many  of  the  applications  of  the  air-process  has  already  been 
published,^  but  the  general  principles  can  be  sufficiently  shown 
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by  means  of  the  application  to  the  Forter  and  to  the  Siemens 
reversing-valve.  While  with  proper  arrangements  the  main 
gas-valve  can  be  used  to  shut  off  the  gas  during  reversing,  if  it  be 
preferred,  or  if  conditions  require  it;  yet  there  are  some  rea- 
sons which  may  make  it  seem  desirable  not  to  use  the  valve  for 
this  purpose ;  for  instance,  the  great  weight  of  the  larger  sizes, 
and  the  natural  desire  to  avoid  risking  a  disturbance  in  the  re- 
lation of  the  gas-valve  to  the  air-valve,  when  once  established. 
In  such  a  case,  a  simple  form  of  shut-off*  valve  can  be  added, 


Fio.  2. — Supplemental  Gas  Valve. 


to  be  used  only  at  the  time  of  reversing.  The  question  as  to 
which  method  is  to  be  followed  is  one  of  personal  preference  or 
economy,  except  in  those  cases  in  which  there  is  no  room  to  in- 
troduce the  supplemental  gas-valve.  Fig.  2  shows  a  very  con- 
venient, cheap,  effective  and  durable  form  of  this  supplemental 
gas-valve. 

Fig.  3  shows  a  very  convenient  arrangement  for  the  Kurz- 
wernhart  air-process,  with  supplemental  gas- valve,  as  applied 
to  the  Siemens,  or  similar,  reversing-valve.  The  counter- 
weighted  lever,  a,  is  keyed  fast  to  the  journal  on  which  the 
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diaphragm  of  the  eupplemental  gas-valve  is  fastened.  The 
chain  wheels,  -R,  and  jT,  which  are  cast  in  one  piece,  turn  freely 
on  this  journal.    The  wheel,  jT,  has  a  pin,  6,  projecting  from  it, 


Fig.  3. — Kurzwerkhart  Arrangement  for  Siemens  Reversing- VAiiVE. 


whjch  engages  under  the  lever,  a.  A  chain  is  also  fastened  to 
it,  which  leads  to  the  quadrant,  S,  on  the  journal  of  the  aux- 
iliary air-valve,  K.  Another  chain  passes  around  the  wheel, 
iZ,  and  also  over  a  sprocket  hand-whee|  on  the  platform,  near 
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the  lever  of  the  reversing- valve.  The  supplemental  gas- valve 
is  shown  in  the  full  open  position. 

At  the  time  of  reversing,  the  hand-wheel  on  the  platform  is 
turned  to  the  right,  and  is  followed  by  the  wheel,  R.  The  lever, 
a,  follows  the  pin,  6,  downwards,  and  thus  closes  the  gas-valve 
tightly  by  means  of  the  counter- weight.  In  the  meantime,  the 
slack  of  the  chain  has  been  taken  up  on  the  wheel,  T,  and,  by 
continuing  the  motion  of  the  hand-wheel  in  the  same  direc- 
tion, the  flap-valve,  Ky  is  opened  as  far  as  is  desired.  When 
all  the  gas  has  been  burned  in  the  furnace,  the  hand-wheel  is 
turned  back  to  the  left  until  the  air-valve,  K^  is  closed.  The 
furnace  is  then  reversed,  and  the  hand-wheel  is  turned  back  to 
its  original  position,  thus  fully  opening  the  gas-valve.  This 
point  is  fixed  bj  a  stop  for  the  hand-wheel  or  lever.  There 
must  be  sufficient  slack  in  the  chain  leading  to  the  air-valve  to 
prevent  the  latter  from  opening  until  the  gas-valve  is  tightly 
shut.  The  whole  arrangement  is  simple,  cheap  and  effective, 
and  has  successfully  met  all  the  conditions  of  practice. 

An  arrangement,  to  be  used  with  the  Forter  valve,  is  shown 
in  Fig.  4,  in  which  the  main  gas-valve  is  also  used  as  a  shut-off 
valve  during  reversing.  The  stem  of  the  gas-valve  passes 
through  the  nut,  a,  which  slides  up  and  down  in  the  frame,  B. 
The  opening  of  the  gas- valve  is  adjusted  by  screw  and  hand- 
wheel,  in  the  usual  way.  From  the  nut,  a,  projects  the  pin,  6, 
which  engages  in  the  cam-slot  of  the  double  quadrant,  A.  Lost 
motion  is  provided  for  at  (7,  so  that  the  valve  may  be  shut  by 
means  of  the  quadrant,  no  matter  what  may  be  its  opening. 
From  each  end  of  the  quadrant  a  chain  leads  to  the  correspond- 
ing door  in  the  Forter  valve-casing, 

As  a  matter  of  precaution,  the  air  is  always  brought  into  the 
casing  over  the  hood,  so  that  it  will  sweep  all  of  the  gas  before 
it  into  the  flue.  If  it  were  brought  in  at  the  other  end,  it  would 
at  once  turn  down  the  flue,  and  thus  leave  a  pocket  of  dead  gas 
at  the  other  end  of  the  casing,  which  might  possibly  form  an 
explosive  mixture  with  the  air.  There  is  small  danger  of  this 
occurring,  but  the  possibility  would  better  be  avoided.  This 
principle  of  avoiding  all  dead  ends  or  pockets  for  the  gas  should 
be  applied  in  designing  any  particular  arrangement,  since  un- 
necessary risk  of  any  kind  ought  to  be  avoided.  It  is,  there- 
fore, necessary  to  use,  alternately,  the  doors  at  each  end. 
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Fig.  4 — .Kurzwebhhabt  Abrangement  for  Forter  Reversing- Valve. 
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In  order  to  assure  the  opening  of  the  proper  door,  and  to 
prevent  the  opening  of  the  wrong  one,  a  bolt,  D,  is  arranged  on 
the  valve-casing,  operated  by  a  cam-slot  on  the  reversing-lever, 
in  such  a  way  that  the  door  of  the  hood-end  is  free,  while  that 
of  the  down-comer  end  is  locked. 

When  the  furnace  is  to  be  reversed,  the  quadrant.  Ay  is  turned 
down  towards  the  locked  end  ot  the  casing.  The  pin,  6,  fol- 
lows the  slot  of  the  quadrant,  carrying  with  it  the  nut,  a,  and 
the  gas-valve.  The  gas-valve  is  closed  when  the  pin  reaches 
the  bottom  of  the  semicircular  part  of  the  slot,  which  is  thea 
on  the  vertical  axis  of  the  valve-stem.  The  motion  of  the  quad- 
rant is  continued  in  the  same  direction,  and  the  air-door  is  opened 
as  far  as  is  desired.  A  stop  should  be  provided  for  the  quad- 
rant, and  the  amount  of  opening  can  be  adjusted  by  shifting  the 
chain.  Enough  slack,  however,  must  be  provided  in  the  latter 
to  assure  the  closing  of  the  gas-valve  before  the  air-valve  be- 
gins to  open. 

When  the  gas  is  all  burned,  the  quadrant  is  raised  until  the 
air-valve  is  closed.  The  furnace  is  then  reversed,  and  the 
quadrant  is  raised  until  the  nut  is  again  in  its  highest  position. 
The  main  gas-valve  is  then  open,  just  as  it  was  before  revers- 
ing, and  its  adjustment  with  the  air-valve  is  not  disturbed.  In 
the  case  of  large  furnaces  it  will  probably  be  necessary  to 
counterbalance  the  gas-valve  on  account  of  its  weight.  The 
weight  of  the  doors  on  the  valve-casing  will  also  have  to  be 
adjusted  to  balance  the  qu?idrant. 

K  it  be  preferred  to  use  a  supplementary  gas-valve  instead  of 
the  main  gas-valve,  for  shutting-off  the  gas  during  reversing,  it 
is  inserted  between  the  latter  and  the  casing  of  the  reversing- 
valve.  The  same  quadrant  is  used,  but  it  has  no  connection 
with  the  stem  of  the  main  gas-valve.  The  nut,  a,  becomes 
simply  a  sliding-block,  to  which  a  guided  rod  is  fastened.  This 
rod  carries  a  pin,  which  manipulates  the  counter-weighted 
lever,  in  the  same  way  as  does  the  pin,  6,  in  Fig.  3. 

If  it  be  desired  to  use  the  main  gas-valve  as  a  shut-off  valve 
during  reversing,  in  connection  with  the  Siemens,  or  similar, 
valve,  the  arrangement  shown  in  Fig.  4  can  be  used,  but  only 
one-half  of  the  double  quadrant  is  required. 

Figs.  5  and  6  show  an  arrangement  for  the  use  of  the  prod- 
ucts of  combustion  as  the  direct  agent  for  sweeping  the  gas 
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into  the  furnace.     In  this  case,  the  reservoir  is  built  of  brick 
and  placed  underground.     A,  A  is  the  reservoir;  I  is  the  aux- 


FlO.  5.  — KURZWERNHART    ARRANGEMENT  FOR  SmOKE  PROCESS — ^Pl*AN. 

iliary  gas-valve ;  C  and  D  are  the  valves  regulating  the  prod- 
ucts of  combustion  and  the  admission  of  air;  and  B  is  the 
damper  which  controls  the  flow  in  the  smoke-flue  and  reservoir, 
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and  which  is  entirely  distinct  from  the  ordinary  draft-damper. 
During  the  running  of  the  furnace,  this  damper  is  so  placed  as  to 
force  enough  of  the  products  of  combustion  through  the  reser- 
voir to  keep  it  entirely  full.  At  this  time  the  valves,  C  and  Z>, 
are  so  set  that  the  portion  of  the  products  of  combustion,  which 
goes  through  the  reservoir,  passes  up  through  the  opening,  II, 
down  III,  up  V  and  down  IV  into  the  smoke-flue  again.  When 
the  furnace  is  to  be  reversed,  I  is  first  shut,  and  the  valves,  C  and 
D,  are  reversed.   This  shuts  off*  the  connections  with  the  stack- 


^-^  1t-:b' 


f 


I     I 


KiG.  e.^KURZWEBNHABT  ARRANGEMENT  FOR  SmOKE  PrOCE88 — 

Section  on  a-b. 

flue  at  n  and  IV,  and  opens  that  with  the  outer  air  at  VI  and 
with  the  reservoir  at  III.  The  air  flowing  in  through  VI  forces 
the  products  of  combustion  from  the  reservoir  up  through  III 
and  II  into  the  gas-flue,  just  below  the  auxiliary  gas-valve,  I, 
thus  sweeping  the  gas  before  it  into  the  furnace.  When  the  gas 
is  all  burned,  the  valves,  C  and  D,  are  reversed,  thus  closing 
the  connections  with  the  stack-flue  and  the  air,  and  opening 
those  between  the  stack-flue  and  the  reservoir.  The  furnace  is 
then  reversed,  and  the  auxiliary  gas-valve,  I,  is  opened  as  be- 
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fore.  It  will  be  noticed  that  all  three  of  the  auxiliary  valves 
are  operated  by  a  chain  from  one  hand-wheel,  and  that  one  con- 
tinuous motion  will  throw  them  all  in  either  direction.  Suffi- 
cient slack  is  provided  in  the  chain  to  insure  the  shutting  of  the 
gas-valve,  I,  before  the  valves,  C  and  D,  begin  to  move. 

If  a  plate-tank  above  ground  be  preferred  to  the  underground 
one,  or  if  the  space  at  disposal  require  it,  the  arrangement,  as 
far  as  the  valves  are  concerned,  is  precisely  similar  to  that  de- 
scribed above,  suitable  connections  being  made  through  tubes. 
Since  the  products  of  combustion  in  the  reservoir  are  consider- 
ably cooler  than  the  gas  in  the  chamber  and  flues,  the  former 
need  not  be  as  large  as  the  latter.  A  reservoir  having  60  per 
per  cent  of  the  cubic  contents  of  the  chamber  and  flues  will  be 
amply  sufficient. 

Although  I  do  not  know  that  this  process  has  been  previously 
described  in  English,  it  has  received  considerable  attention  and 
discussion  on  the  Continent.  It  has  been  my  endeavor  to  set 
before  you  the  results  obtained  from  the  process,  together  with 
all  of  the  objections  which  have  been  urged  against  it,  and  the 
answers  to  them  which  experience  has  developed.  If  it  seems 
to  any  one  that  the  aggregate  saving  achieved,  though  small  in 
detail,  is  worth  making,  and  that  the  process  deserves  investi- 
gation, all  that  I  have  hoped  for  has  been  accomplished. 


[16] 


aUBJEOT  TO  BBVMION. 

[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


On  the  Ancient  Copper-Mines  of  Lake  Superior. 

BY  ALVINU8  BROWN  WOOD,  DETROIT,  MICH. 
(Bethlehem  Meeting,  February,  1906.) 

The  ancient  copper-mines  of  Lake  Superior,  having  been  de- 
stroyed or  covered  by  modern  mining-dumps,  are  not  accessi- 
ble to  the  present  inhabitants  of  that  region,  and,  since  no  more 
are  likely  to  be  found,  some  account  of  those  already  discov- 
ered, from  one  who  has  seen  them,  may  be  acceptable  to  the 
Institute. 

Early  in  May,  1855, 1  took  a  party  of  men  to  open  an  ancient 
pit  on  the  Quincy  mine-location.  Mr.  C.  C.  Douglas  was  the 
"  Agent,"  as  mine-manager&  were  then  called  on  Lake  Supe- 
rior. The  Quincy  Co.  had  previously  done  work  on  a  fissure- 
vein,  several  hundred  feet  west  of  the  Amygdaloid  lode  (after- 
wards called  the  Pewabic  lode),  on  which  was  the  ancient  pit 
herein  described.  It  was  at  this  pit  that  the  Quincy  main 
shaft  was  subsequently  sunk. 

The  ancient  pit  showed  an  apparent  depth  of  about  4  ft.,  but 
when  cleaned  out  it  was  shown  to  be  14  ft  deep,  having  been 
filled  up  by  the  sliding-in  of  material  composed  largely  of 
broken  rock,  taken  out  in  sinking  the  ancient  shaft,  and  left 
near  its  mouth.  Midway  of  the  shaft,  and  below  water-level, 
was  found  a  scaffolding  of  white-birch  poles,  which  had  been 
used  as  a  landing,  to  assist  in  removing  the  excavated  rock. 
The  shaft  was  7  ft.  in  diameter.  The  excavation  had  been 
done  by  first  building  fires  in  order  to  disintegrate  the  rock,  as 
was  proved  by  the  abundance  of  charcoal  found;  then  break- 
ing the  softened  rock  with  hammers  of  diorite,  such  as  is  found 
in  the  greenstone  range  on  Keweenaw  point.  These  hammers 
had  about  the  size  of  large  paving-stones.  Only  broken  ones 
were  found,  the  whole  ones  having  been  doubtless  carried  away 
for  other  work,  such  as  could  be  traced  on  the  lode  for  a  hun-' 
dred  feet  or  more  to  the  south. 

At  the  place  where  this  shaft  was  sunk,  barrel-copper  (i.e,j 
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copper  too  coarse  to  go  to  the  mill,  yet  not  in  pieces  large 
enough  to  be  shipped  separately)  was  abundant.  This  class  of 
copper  was  most  valuable  to  the  old  miners;  since  large  masses 
were  too  large  for  them  to  handle,  and  stamp-copper  was  too 
small  to  serve  their  uses.  It  is  evident  that  they  did  not  under- 
stand the  art  of  smelting. 

This  excavation  represents  the  removal  of  41  tons  of  rock, 
and  the  ground  at  that  place,  judging  from  what  could  be  seen 
in  the  walls  of  the  shaft,  carried  fully  12  per  cent,  of  coarse 
copper.  This  would  represent  5  tons  of  copper  actually  ex- 
tracted. From  the  amount  of  ancient  work  showing  further 
south  on  the  lode,  it  would  not  be  too  liberal  to  estimate  that 
four  times  as  much  more  copper,  or,  say,  25  tons  in  all,  was 
obtained  from  this  locality.  The  amount  may  have  been  much 
greater,  for  the  ground  under  the  workings  was  afterwards 
proved  to  be  very  rich  in  barrel-copper. 

I  still  have  in  my  possession  a  handful  of  fragments  of  cop- 
per, torn  from  the  barrel-copper  by  blows  from  the  stone  ham- 
mers, each  fragment  showing  the  torn  face  caused  by  the  blow. 
These  were  found  in  the  bottom  of  the  shaft. 

At  about  the  same  time,  Mr.  Charles  H.  Palmer,  Agent,  and 
Mr.  Wm.  B.  Frue,  his  foreman,. opened  an  ancient  pit  on  the 
Pewabic  mine  location,  where  the  Pewabic  main  shaft  was 
afterward  sunk.  The  lode  at  that  place  was  very  rich  in  bar- 
rel-copper for  a  width  of  20  ft.  or  more.  The  pit  was  some- 
what irregular,  about  6  ft.  deep  and  15  ft.  wide,  the  length 
being  20  ft.  across  the  lode,  and  representing  the  removal  of 
138  tons  of  rock,  which  carried  about  10  per  cent,  of  barrel- 
copper,  or  13.5  tons  of  metallic  copper. 

The  ancient  work  extended  to  the  south  more  than  100  ft., 
but  was  not  so  deep.  The  ground  under  these  pits  proved  to 
be  very  rich  in  barrel-copper,  as  is  shown  by  the  workings  of 
the  Pewabic  Co.  (This  ground  now  belongs  to  the  Quincy 
Co.)  I  think  it  safe  to  estimate  the  copper  taken  from  this 
south  working  by  the  ancients  to  be  twice  that  taken  from  the 
shaft,  or  a  total  of  40.5  tons — ^probably  a  great  deal  more.  In 
the  bottom  of  this  shaft  were  found  the  remains  of  a  large  fire, 
the  unconsumed  brands  of  which  had  not  been  moved,  indicat- 
ing a  sudden  stoppage  of  the  work.  One  brand,  a  part  of  a 
young  black-oak  tree,  6  in.  in  diameter,  showed,  by  the  form 

[2] 


ANCIENT   C0PPBR-MINE8   OF   LAKE   SUPERIOR.  231 

of  the  cutting,  that  it  had  been  cut  at  the  stump  while  standing. 
Having  been  continuously  under  water,  it  was  well  preserved 
and  of  full  form.  It  had  evidently  been  hewed  with  a  thin- 
edged  tool,  about  2  in.  wide.  A  thin  chip,  which  had  been  cut 
from  the  face  left  by  a  previous  chip,  was  broken  off  at  the 
base,  about  |  in.  thick ;  but  the  cutting-tool  had  gone  down 
0.26  in.  below  the  upper  end  of  the  remaining  stub,  leaving  a 
gash  into  which  I  inserted  my  knife-blade.  This  proved  that 
the  cutting  had  been  done  by  a  thin,  sharp  blade,  probably  of 
copper,  and  not  by  a  stone  axe. 

On  the  Franklin  location,  further  north,  the  surface  material 
was  deeper,  and  no  ancient  work  was  found. 

The  ancient  miners  worked  only  where  the  "  wash  "  cover- 
ing the  cropping  of  lodes  or  veins  was  thin,  and  the  lodes  were 
easUy  found. 

Next  to  the  north  is  the  Mesnard  mine  location.  No  rich 
ground  was  found  there,  such  as  the  ancients  would  mine. 
But  near  the  south  boundary,  about  200  ft.  west  of  the  line  of 
the  Pewabic  lode,  was  found  a  large,  broad  ancient  pit  that  did 
not  reach  bedrock.  Around  it  a  cart-load  of  broken  stone 
hammers  might  have  been  gathered,  some  weighing  as  much 
as  20  lb.;  none  but  broken  ones  remained,  the  sound  ones 
having  been  taken  Away,  doubtless  for  other  work.  When  I 
discovered  the  pit,  I  thought  I  had  made  a  discovery  of  value, 
but  the  work  done  showed  its  true  character. 

These  hammers  had  doubtless  been  used  to  work  up  a  mass 
of  float-copper  of  several  tons  weight,  similar  to  the  Worming- 
haus  mass  found  on  the  Mesnard  location,  about  1,000  ft.  to 
the  northeast,  and  east  of  the  Pewabic  lode.  This  mass  was 
rocky,  and  could  have  been  broken  up  with  stone  hammers ; 
its  weight  was  about  15  tons,  as  I  remember.  It  had  escaped 
the  notice  of  the  ancient  miners. 

On  the  south  side  of  Portage  lake,  the  Isle  Royale  lode  had 
been  extensively  worked  on  the  Isle  Royale  location,  by  the 
ancient  miners.  The  Isle  Royale  shaft  was  sunk  on  the  main 
old  workings.  I  did  not  see  this  ancient  work,  since  it  was 
covered  with  waste  dumps  from  the  mine  when  I  first  visited 
the  mines,  in  1854. 

At  the  Huron  mine,  next  south  on  the  Isle  Royale  lode,  the 
first  four  shafts  were  started  in  1854,  in  ground  not  suited  to 
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the  ancient  miners.  In  1866  I  took  charge  of  the  property,  as 
agent,  and  pursued  work  in  the  first  shafts.  In  1867  I  discov- 
ered signs  of  ancient  workings  to  the  south ;  but  in  this  work, 
instead  of  digging  pits,  the  lode  had  been  stripped  from  north 
to  south.  The  large  stones  had  been  piled  up,  and  the  dirt 
thrown  back  as  the  work  progressed. 

I  caused  the  lode  to  be  cleaned  off,  beginning  at  the  north 
end  of  the  old  work,  for  a  length  of  30  ft.  and  a  width  of  16 
ft.  To  the  south  there  were  abundant  signs  of  .ancient  work 
for  an  additional  distance  of  80  ft.  About  8  ft.  in  depth  of 
the  lode  had  been  removed  where  it  was  uncovered.  This 
surface  had  had  the  benefit  of  disintegration  since  the  Ice  Age. 

To  get  an  idea  of  the  amount  of  copper  which  the  ancients 
obtained,  I  had  the  uncovered  surface — 30  by  16  ft. — ^worked 
over  with  pick  and  bar,  no  powder  being  used.  Ten  tons  of 
barrel-copper  were  taken  up;  the  largest  piece  weighing  1,500 
lb.  The  copper  obtained  was  weighed  and  shipped  to  the 
copper  smelting-works  at  Detroit.  I  would  estimate  that  the 
ancients  got  twice  as  much  as  we  did,  or  20  tons,  to  say  noth- 
ing of  what  they  took  from  the  additional  ground  worked  by 
them  to  the  south. 

In  the  deepest  part  of  this  old  work,  in  a  pit  about  1.5  ft. 
below  the  general  level  of  the  bottom,  I  found  a  leather  string 
about  30  in.  long,  which  was  strong  and  in  good  condition, 
having  lain  under  water.  About  20  in.  of  it  is  buckskin,  the 
balance  being  beaver-skin,  wrapped  with  colored  porcupine- 
quills.  This,  and  a  small  buckskin  bag,  found  in  an  ancient 
pit  near  Rockland,  Ontonagon  district,  are  the  only  relics  of  a 
personal  nature  ever  found  in  the  ancient  mines,  so  far  as  I  am 
informed. 

No  signs  of  graves,  or  of  foundations  to  structures,  have  been 
found.  Doubtless  the  ancient  miners  visited  this  region  in  the 
summer  season  only ;  and  probably  they  came  by  the  Lakes. 
That  they  were  navigators  is  shown  by  their  presence  on  Isle 
Royale. 

North  of  the  Mesnard  mine,  the  first  ancient  work  was  found 
at  the  Calumet  mine — a  single  pit,  sunk  on  the  Calumet  con- 
glomerate. It  was  discovered  by  Amos  Scott,  a  man  whom  I 
knew  well.  He  was  employed  by  Ed.  Hulbert,  as  foreman,  on 
a  property  east  of  the  Calumet  mine,  and  called,  at  that  time, 
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the  Hulbert  mine.  The  copper  was  abundant  where  the  an- 
cient pit  was  sunk,  but,  being  of  stamp-copper  size,  it  did  not 
suit  the  old  miners'  purposes  as  well  as  the  barrel-copper  found 
at  other  places ;  and  this  accounts,  no  doubt,  for  the  limited 
amount  of  work  done  there.  The  discovery  of  this  pit  led 
Hulbert  to  purchase  from  the  St.  Mary's  Mineral  Land  Co.  the 
lands  of  the  Calumet  and  Hecla  mines. 

The  next  place  further  north,  where  ancient  work  led  to  the 
discovery  of  a  mine,  was  at  the  Cliff  mine,  near  Eagle  river, 
which  was  famous  and  profitable  in  its  day.  The  vein  produced 
mass-copper. 

The  next  mine  of  value  to  the  east  was  the  Central  mine, 
located  upon  the  discovery  of  an  ancient  pit  on  the  vein,  in  the 
bottom  of  which  appeared  a  large  mass  of  copper.  This  mass 
had  been  well  pounded,  to  detach  such  pieces  of  copper  as 
could  be  thus  secured;  but  the  main  body  was  too  large  to  be 
handled  by  the  ancients. 

Still  further  east,  the  old  North  West  mine,  later  known  as 
the  Pennsylvania  and  the  Delaware  mines,  was  discovered  at 
a  very  early  day  through  an  ancient  pit  on  the  fissure-vein,  near 
the  greenstone  range. 

North  of  this  range,  and  nearly  north  of  the  North  West 
mine,  a  number  of  ancient  pits  were  found  on  a  small  fissure- 
vein,  which  carried  sheet-copper  well  suited  to  the  uses  of  the 
old  miners.  These  pits  were  discovered  in  1853,  and  were  fre- 
quently seen  by  me  while  they  were  being  cleaned  out.  The 
stone  hammers  used  at  this  place  were  mostly  encircled  by  well- 
marked  grooves ;  whereas,  at  the  other  ancient  mines  described, 
the  stone  hammers  found  were  not  grooved,  and  only  a  few  of 
them  had  their  sharp  corners  rounded.  Several  cedar  shovels, 
or  scrapers,  about  3.5  ft.  long,  with  the  blade  on  one  side  only, 
were  found  in  these  pits. 

Extensive  ancient  mining  was  done  on  the  easterly  part  of 
Isle  Royale,  on  narrow  veins  yielding  sheet-copper.  This  form 
being,  as  already  observed,  suited  to  the  needs  of  the  old 
miners,  they  did  much  work  on  these  veins. 

About  1872,  Mr.  A.  C.  Davis  worked,  on  the  island,  a  prop- 
erty called  the  Minong,  and  brought  to  Detroit  a  very  interest- 
ing piece  of  ancient  work — a  mass  of  copper  of  4  or  5  tons, 
taken  from  the  bottom  of  an  ancient  trench  along  a  vein.   This 
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mass  had  been  deprived  of  all  portions  of  copper  that  could 
be  detached  by  pounding  with  stone  hammers,  and  the  whole 
surface  of  the  mass  had  been  pounded  into  deep  pits  and  ridges 
in  attempts  to  detach  other  pieces.  It  showed  an  immense 
amount  of  labor  done.  Mr.  John  R,  Grout,  of  the  Detroit 
copper-smelting  works,  shipped  the  mass  to  the  Michigan  Uni- 
versity at  Ann  Arbor,  and  offered  to  sell  it  to  the  University 
at  half  its  cash  value,  but  the  Regents  did  not  make  the  pur- 
chase. Perhaps  they  lacked  money ;  perhaps  they  lacked  ap- 
preciation. The  mass  was  shipped  back  to  the  smelting-works 
and  went  into  the  furnace.  Thus  a  thing  of  very  great  interest 
was  lost.  Had  the  University  taken  it,  it  would  be  the  most 
interesting  in  all  its  collections,  and  of  special  interest  to 
Michigan. 

In  the  Ontonagon  region,  extensive  ancient  mining-work  was 
done  at  the  Minnesota  mine,  in  the  fissure-vein,  where  the  his- 
toric mass  of  copper  was  found  below  water-level,  shored  up 
on  timbers,  in  an  ancient  shaft,  the  work  having  been  continued 
below  the  mass. 

In  the  Rockland  district,  extensive  work  was  done  on  the 
Amygdaloid  lodes,  where  rich  bunches  of  barrel-copper  were 
found.     I  was  not  personally  acquainted  with  these  workings. 

In  1870  there  lived  at  Gratiot  lake,  in  Keweenaw  county, 
Michigan,  a  gentleman  70  years  of  age,  of  good  character  and 
intelligence,  who  told  me  that  he  was  in  the  Ontonagon  district 
at  the  beginning  of  mining  there,  and  was  conversant  with  the 
old  miners'  work.  He  said  that,  at  a  point  on  one  of  the  Rock- 
land amygdaloid  lodes,  where  barrel-copper  was  abundant,  an 
ancient  drift  had  been  driven  for  40  ft. ;  at  the  inner  end,  in 
the  upper  dry  corner,  a  considerable  roll  of  white  birch-bark 
was  found ;  which,  on  being  unrolled,  was  seen  to  be  covered 
with  what  he  called  "  hieroglyphics."  He  said  he  saw  this  roll, 
and  that  it  "  was  carried  East  by  a  man,"  and  he  never  heard 
anything  more  of  it. 

The  native  copper  of  the  Lake  Superior  mines  is  accompa- 
nied, to  a  limited  extent,  with  native  silver,  attached  to  the 
surface  of  the  copper,  and,  at  times,  enclosed  within  it,  the  two 
being  firmly  united  and  each  pure,  and  in  no  case  alloyed. 
This  condition  has  been  considered  peculiar  to  the  Lake  Supe- 
rior mines,  and  as  proof,  that  specimens  exhibiting  it  came 
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from  Lake  Superior.  Samples  of  this  kind,  found  in  the  an- 
cient mounds  of  Ohio,  have  consequently  connected  the  mound- 
builders  with  the  old  miners.  The  mound-builders,  it  is  thought 
by  historians,  migrated  south  900  or  1,000  years  ago,  and  were 
the  Toltecs  6r  Aztecs  of  Mexico,  probably  the  latter.  This 
gives  some  indication  as  to  the  time  when  the  ancient  mining- 
work  was  done. 

The  copper  they  obtained  by  working  the  ancient  mines,  acr 
shown  by  the  part  estimates  on  previous  pages,  must  have 
amounted  to  Several  hundred  tons.  They  also  had  the  first 
picking  of  the  float-copper,  dislodged  from  the  lodes  and  veins 
during  the  Ice  Age,  which  must  have  amounted  to  many  tons. 
The  present  inhabitants  have  picked  up  many  thousands  of 
pounds.  The  wonder  is  that  the  ancients  did  not  do  more 
mining,  since  the  copper,  being  so  greatly  superior  to  their 
stone  implements,  must  have  been  of  great  value  to  them. 
The  limited  amount  of  work  done  by  them  may  indicate  that 
they  occupied  the  country  but  a  short  time. 

More  copper  implements  have  been  found  in  the  ancient 
mound  country  of  Wisconsin  than  in  any  other  State,  as  is 
shown  by  the  collection  at  the  State  University  at  Madison. 
Illinois,  Michigan  and  Ohio  have  yielded  many  specimens  of 
implements.  The  Field  Museum  at  Chicago  has  many  valu- 
able specimens  from  these  States. 

It  must  be  remembered  that  all  the  implements  thus  found 
were  lost  treasures  of  the  utmost  value  to  the  owners.  I  have 
a  spear-head,  11  in.  long,  of  very  perfect  construction,  which 
was  taken  from  a  mound  on  the  left  bank  of  the  Wisconsin 
river,  just,  below  the  Dalles.  This  may,  or  may  not,  have  been 
a  burial  mound. 

All  of  the  older  valuable  mines  of  the  Portage  Lake  district, 
as  well  as  those  of  the  Keweenaw  and  the  Ontonagon  districts, 
were  found  by  means  of  the  ancient  workings,  which  are  now 
destroyed  or  covered  by  mine-dumps. 

The  new  mines,  opened  in  the  past  few  years  on  the  south 
side  of  Portage  lake,  were  covered  too  deep  by  soil  and  glacial 
drift  to  be  found  by  the  ancients ;  and  the  same  may  be  said  of 
those  opened  on  the  Osceola  and  the  Kearsarge  lodes  on  the 
north  side  of  Portage  lake. 

Nine  years  ago  I  purchased  from  a  curio  dealer  at  Denver  a 
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thin  circular  disk  of  native  copper  and  silver,  nearly  one-half 
silver.  The  origin  or  source  of  the  metals  from  which  it  is 
made  is  evidently  the  Lake  Superior  mines.  This  disk,  shown 
in  Fig.  1,  is  2.5  hy  3.5  in.  size;  a  projection  on  one  side  serves 
for  a  handle,  a  hole  at  the  end  heing  doubtless  modern.  The 
disk  is  concave,  and  on  the  concave  side  there  is  a  conventional 
picture  of  the  face  of  the  sun,  outlined  by  deep  creasings  with 
a  sharp  point.  The  face  is  1.5  in.  in  diameter,  and  not  quite 
perfectly  round.  There  are  18  radiating  curved  lines  drawn 
from  the  face  to  the  margin,  which  may  represent  the  18  lunar 
months.  The  lines  show  on  the  back  as  raised  lines.  The  eyes 
have  that  straight  horizontal  appearance  to  be  seen  in  the  an- 
cient carvings  on  stone,  which  are  exhibited  in  the  Mexican 
National  Museum  in  the  City  of  Mexico. 

I  also  bought  a  rude  bracelet  of  the  same  material,  roughly 
pounded  out  and  bent  to  spring  on  to  the  wrist  It  is  very 
irregular  in  form;  from  0.6  to  1.5  in.  wide,  with  very  jagged 
edges.  On  it,  for  ornament,  are  placed  four  turquoises  of  ex- 
cellent quality,  but  roughly  ground  into  faces.  Turquoise,  used 
to  ornament  a  bust  carved  in  stone,  is  to  be  seen  in  the  Mexican 
Museum. 

The  turquoise  is  a  Mexican  stone,  not  having  been  mined  in 
United  States  territory  until  recently,  except  at  the  ancient  tur- 
quoise mine  near  Santa  F6,  in  New  Mexico.  The  stones  are 
set  on  to  the  bracelet  by  cutting  four  clips  in  the  copper  for 
each  stone,  and  raising  these  clips,  or  tags,  so  as  to  inclose  the 
stones  and  keep  them  in  place. 

The  dealer  of  whom  I  bought  these  articles  told  me  that  he 
bought  them  in  the  City  of  Mexico,  from  a  very  large  collection 
of  minerals  and  ancient  relics  that  had  been  CjDllected  by  sev- 
eral generations  of  owners.  The  owner,  at  that  time  not  being 
so  interested  as  his  ancestors,  was  selling  ofi  the  collection  as 
he  had  opportunity.  The  sun  disk,  being  of  a  peculiar  combi- 
nation of  metals,  and  a  religious  emblem  as  well  to  the  old  sun- 
worshipers,  would  be  likely  to  be  handed  down  through  many 
centuries  by  the  ancient  people.  The  bracelet  may  have  come 
down  with  it  It  would  have  been  highly  prized  for  its  unusual 
material,  and  may  have  been  regarded  as  a  sacred  thing.  The 
material  for  both  disk  and  bracelet  being  of  undoubted  Lake 
Superior  origin,  raises  the  question  of  how  it  got  to  Mexico  in 
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the  olden  time,  and  the  ready  reply  is, — that  it  was  probably 
taken  there  by  the  old  moand-building  miners,  the  Toltecs  or 
Aztecs,  when  they  migrated  to  the  south.  They  were  probably 
driven  from  home  by  an  enemy,  for  they  were  in  a  good  coun- 
try, desirable  to  live  in,  in  the  Lake  region. 

With  the  fects  given  herein,  and  if  the  inferences  stated  are 
correct,  then  we  have  a  clear  indication  as  to  who  did  the  an- 
cient mining  on  Lake  Superior,  and  also  as  to  who  were  the 


Fig.  1.— Sun-Disk  op  Native  Copper  and  Silver. 

mound-builders,  namely,  the  Toltecs  or  Aztecs  of  Central 
Mexico,  probably  the  latter. 

Fig.  1  is  a  three-quarter  sized  photographic  view  of  the  sun- 
disk.  The  lighter  shades  represent  the  silver  portion  and  the 
darker  shades  the  copper.  The  back,  or  convex  side,  shows 
most  silver. 

At  the  first  visit  of  the  old  French  missionaries  to  Lake  Su- 
perior, the  Indians  knew  nothing  of  the  old  copper-mines, 
though  they  had  lumps  of  float-copper,  which  they  regarded  as 
■*<  Manitou."  Nor  did  the  modern  Lidians  know  anything  of 
the  old  mines. 
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[TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEER8.1 

The  Classification  of  Coals. 

(Bethlehem  Meeting,  February,  1906.) 

A  discuflsion  of  the  paper  of  Marius  B.  Gampbelli  read  at  the  Washington 
meeting,  May,  1905,  and  published  in  the  Bi-M&nihly  Bulletin,  No.  5,  for  Septem- 
ber, 1906,  pp.  1033-1052. 

Dr.  Persifor  Frazer,  Philadelphia,  Pa.  (communication  to 
the  Secretary):*  Mr.  Campbeirs  very  interesting  contribution, 
after  complimentary  mention,  finally  decides  against  the  accept- 
ance of  the  classification  proposed  by  me  in  a  paper  bearing  the 
same  title  and  read  at  the  Wilkes-Barre  meeting,  May,  1877.* 
That  paper  was  written  primarily  for  the  Second  Geological 
Survey  of  Pennsylvania,  then  three  years  in  progress,  and  chiefly 
to  give  definite  limitation  to  the  four  rather  vague  classes  into 
which  H.  D.  Rogers  had  divided  the  coals  of  Pennsylvania,  which 
classes  were  used  by  Pennsylvania  coal  producers  and  coal  con- 
sumers; namely,  anthracite,  semi-anthracite,  semi-bituminous 
and  bituminous.  It  was  also  my  aim  to  point  out  the  futility  for 
classification  of  taking  into  account  any  other  characteristics  of 
a  coal  than  those  essential  to  its  existence  as  a  fuel,z.e.,  its  com- 
bustible constituents.  The  absurdity  of  considering  "  ash  "  as  a 
factor  in  classifying  a  coal  was  illustrated  by  an  analysis  of  the 
Hudson  River  slates,  showing  that  if  the  whole  rock  (of  which 
the  volatile  hydrocarbons  formed  only  3  per  cent)  were  con- 
sidered as  a  slaty  coal,  it  would  come  within  H.  D.  Roger's 
definition  of  a  "  hard  dry  anthracite  "  (although  a  very  bony 
one) ;  whereas,  if  the  combustible  matter  were  first  extracted 
from  the  inert  rock  and  separately  analysed,  it  would  prove  to 
be  near  the  top  of  the  characteristic  bituminous  coals,  with 
62.5  per  cent,  of  fixed  carbon  and  37.5  of  volatile  hydrocarbons. 

In  the  same  paper,  I  emphasized  the  importance  of  separating 
the  water  from  the  volatile  combustible  matter  before  attempt- 
ing the  calculation  of  a  fuel  ratio  and  subsequent  classification. 
That  this  subtraction  was  not  embodied  in  any  of  my  tables 
was  because  there  were  no  data  from  which  to  obtain  it. 
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Shortly  before  1877,  it  appeared  from  interesting  experi- 
ments in  Austria  that,  even  at  ordinary  pressure  and  tempera- 
ture, bituminous  coals  exposed  to  the  atmosphere  suflFered 
rapid  and  notable  losses  of  their  volatile  combustible  matter. 

The  attempt  to  differentiate  lignite  from  bituminous  coals 
through  their  respective  percentages  of  water  would  result  in 
contradictions  of  the  same  kind :  certain  exposed  coals  becom- 
ing lignites  after  a  rainy  season  and  bituminous  »flter  a  drought. 
Unessential  constituents  (or  impurities)  are  incommensurable 
with  essential,  and  are  of  no  more  use  in  defining  kinds  of  coal 
than  weight  would  be  in  defining  mental  images. 

Mr.  Campbell  thinks  my  proposition  for  giving  definite 
meanings  to  the  four  terms  already  in  use  in  Pennsylvania, 
failed  as  a  basis  for  a  general  classification  of  coals  (1)  in 
grouping  all  the  coals  with  a  fuel-ratio  of  5  or  less  into  a  single 
class. 

The  same  objection  might  be  made  to  the  recognition  of 
the  groups  of  oxides  and  oxygen  salts  in  Dana's,  or  of  silicates 
in  Albin  Weisbach's  division  of  minerals.  But  the  occurrence 
of  a  great  preponderance  of  instances  of  a  given  phenomenon 
in  a  certain  restricted  part  of  an  accepted  scale  is  not  jper  se 
a  reason  for  discarding  the  scale  for  general  classification, 
although  it  may  involve  the  necessity  of  a  sub-classification  for 
this  overcrowded  portion. 

At  the  outset  of  any  attempt  to  arrange  objects  in  systems 
the  purpose  of  the  arrangement  must  be  clearly  understood. 
If  it  be  for  practical  use  in  commerce,  the  refined  methods  of 
research  will  always  be  inappropriate.  On  the  other  hand,  if 
it  be  desired  to  create  definite  species  or  varieties  of  the  objects, 
no  other  than  the  most  delicate  methods  can  be  employed. 
First,  then,  it  is  necessary  to  determine  what  sort  of  classifica- 
tion is  applicable  to  a  substance  like  coal. 

It  is  superfluous  to  say  that  coal  is  seldom,  if  ever,  a  definite 
mineral,  but  usually  such  a  mixture  of  substances  as  used 
to  incense  that  prince  of  determinative  mineralogists,  Herr 
Wappler,  the  late  chief  of  the  mineral  salesroom  of  the  Mining 
Academy  in  Freiberg,  Saxony.  When  such  a  mixture  was 
brought  to  him  as  a  mineral  with  a  new  name,  he  would  utter 
in  a  tone  of  repugnance  the  single  word,  Zeug  !  (stuff!). 

If  coals  be  variable  mixtures  of  combustible  and  incombus- 
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tible  materials,  valuable  only  for  their  content  of  the  former, 
the  application  of  methods  of  ultimate  research  for  classifying 
them  is  not  less  useless,  and  much  more  difficult,  than  the 
determination  of  the  mineral  species  of  stones  used  for  ballast. 
Whatever  method  be  used  should  exclude  all  properties  but 
those  which  are  essential  to  the  material  as  coal ;  and,  since 
there  can  be  no  possibility  of  the  absolute  individuality  of  a 
substance  which  results  from  ever-changing  conditions  of  for- 
mation, the  only  essential  character  which  can  be  utilized  for 
classification  of  coal  would  seem  to  be  that  of  its  combustible 
components.  Hence,  not  only  does  a  fuel-value  of  some  kind 
offer  the  best  means  of  classifying  coals,  but  any  analysis,  even 
though  partial  or  "  proximate,"  which  gives  each  class  a  dis- 
tinctive value,  should  suffice  for  the  purpose. 

Since  we  are  dealing  with  variable  mixtures,  incapable  of 
classification  in  a  strictly  scientific  sense  as  species  or  varieties, 
what  is  needed  is  a  ready  means  of  distinguishing  differences 
by  the  eye  and  touch,  aided  in  certain  cases  by  a  few  of  the 
most  elementary  tests  to  ascertain  the  specific  gravity,  friability, 
manner  of  burning,  method  of  coking,  volume  of  water-vapor, 
of  hydrocarbons,  etc. 

Mr.  Campbell,  speaking  of  my  effort  to  define  the  scheme 
already  proposed  by  H.  D.  Rogers  and  universally  adopted  in 
Pennsylvania  (and,  so  far  as  I  know,  thoughout  the  United 
States),  says :  "  The  selection  of  the  name  *  semi-bituminous ' 
was  unfortunate."  I  perfectly  agree  with  him ;  but  this  was 
not  my  selection.  The  chief  of  the  First  Geological  Survey  of 
Pennsylvania  introduced  the  term,  and  in  trying  to  co-ordinate 
it  with  the  three  others  which  he  had  adopted,  created  classes 
which  overlapped  each  other. 

I  repeat  that  my  answer  to  Mr.  Campbell's  first  objection  to 
the  proximate-analysis-fuel-ratio  system  (i.e.,  that  it  groups  a 
largely  preponderant  number  of  bituminous  coals  in  the  class 
5  to  0,  while  the  less  numerous  classes  range  from  100  to  5)  is, 
that  the  objection  is  not  valid  as  against  a  classification,  though 
additional  means  for  differentiating  the  members  of  the  over- 
crowded class  are  required.  The  classification  was  intended 
principally  for  Pennsylvania,  though  applicable  elsewhere. 

To  his  second  and  last  objection,  that  no  provision  is  made 
for  lignite  in  my  scheme,  I  reply  that  none  is  needed,  even  if 
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it  were  possible  (as  it  is  not)  to  separate  lignite  from  bitumin 
ous  coal.  There  is  an  insensible  gradation  from  lignite  through 
brown-coal  to  bituminous,  and  thence  through  all  manner  of 
variations  ultimately  to  hard  dry  anthracite  and  graphite ;  and 
no  single  division  has  any  greater  value  than  one  of  the 
arbitrary  divisions  of  the  rays  of  the  spectrum  designated  by 
the  name  of  a  special  color.  It  may  be  doubted  whether  the 
reasons  are  well  founded  which  have  led  Mr.  Campbell  to 
conclude  that  my  system,. and  several  of  his  own,  are  inade- 
quate; though  it  must  be  conceded  that  the  classification  in 
Table  VI.  has  at  least  one  advantage  over  all  the  others,  which 
is  mentioned  below ;  its  vulnerable  point  being  the  inclusion  of 
"  hydrogen  in  the  water." 

Beginning  with  Table  I.  of  hi?  paper,  in  which  he  has  ap- 
plied my  system  to  the  Government  collection  of  56  coals  from 
various  parts  of  the  United  States,  he  remarks  that  in  the 
upper  part  of  the  column  (where  the  quotients  of  the  fixed 
carbon,  divided  by  the  volatile  hydrocarbon,  represent  large 
numbers)  the  diflTorentiation  of  anthracite  from  semi-bituminous 
is  sharp,  but  in  the  lower  part  of  the  column  (where  these  quo- 
tients are  smaller  numbers)  there  is  great  confusion, — two  sam- 
ples of  Pittsburg  coal  standing  24  and  36  in  the  list.  The  two 
quotients  or  fuel-ratios  referred  to  are  1.49  and  1.25  respec- 
tively, and  the  interval  between  them  is  only  0.12  per  cent,  yet 
within  this  compass  12  coals  have  been  placed  with  an  aver- 
age consecutive  difi[erence  of  but  one  hundredth  of  1  per  cent. ! 
Quantities  as  trivial  as  this  might  easily  occur  from  casual  va- 
riations in  the  vegetation  from  which  the  coal  was  formed,  so 
trifling  that  no  dissimilarity  from  the  adjoining  coal  could  be 
noted ;  or  from  the  unavoidable  error  which  must  accompany 
even  the  most  careful  sampling ;  or  from  physical  and  chemical 
changes  in  the  coal  in  the  intervals  bet^veen  two  analyses.  To 
such  refinements  in  separation  no  method  of  classification  is 
adapted. 

C  -f-  C 

On  purely  theoretical  grounds,  the  ratio  between  — ^ — 

Q 

can  load  to  no  more  accurate  results  than  that  of  ^  j 

(C,  representing  the  carbon  in  combination  with  hydrogen, 
C,  the  uncombined  or  "  fixed  "  carbon,  and  H,  the  hydrogen  in 
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the  hydrocarbon).  Any  of  the  sources  of  error  just  alluded  to 
will  vitiate  the  natural  sequence  obtained  by  analysis  in  one 
expression  as  much  as  in  the  other.  The  ratio  between  a  divi- 
dend and  a  divisor  will  not  be  made  more  constant  or  valuable 
by  splitting  the  divisor  into  two  factors,  one  of  which  becomes 
the  new  divisor,  while  the  other  is  added  to  the  old  dividend 
for  a  new  dividend. 

Mr.  Campbell  is  of  the  opinion  that  in  Table  VI.,  where  the 
total  carbon  (z.6.,  the  fixed  carbon  plus  that  combined  with  the 
hydrogen  in  the  volatile  combustible  matter)  is  divided  by  the 
hydrogen  in  the  volatile  combustible  as  well  as  that  in  the  water, 
an  almost  ideal  classification  is  obtained.   The  formula  becomes 

(H'  being  the  hydr'»gen  in  the  water). 

The  amounts  of  water  retained  by  diflFerent  samples  of  the 
same  air-dried  coal  will  depend  upon  variations  in  physical  con- 
dition not  always  possible  to  ascertain ;  and  the  greater  weight 
of  hydrogen  in  any  such  sample,  obtained  by  adding  to  its  com- 
bustible hydrogen  that  combined  in  its  mechanically  entangled 
water,  must  necessarily  lower  its  quotient  or  fuel-ratio,  and 
thus  separate  it  from  other  samples  with  which,  but  for  this  hy- 
groscopic characteristic,  it  would  be  closely  associated.  The 
recognition  of  occluded  water  as  a  factor  at  all  in  estimating 
the  fuel-ratio,  is  an  abandonment  of  the  principle  of  confining 
the  definition  to  the  essential  (i.e.,  the  combustible)  character- 
istics of  the  coal.  For  although  it  is  very  probable  that  the 
water  vapor  is  dissociated,  and  that  both  of  its  constituents 
enter  into  combinations  during  the  combustion  of  the  coal,  yet 
the  loss  of  calorific  effect  involved  in  these  reactions,  through 
the  expenditure  of  energy  in  overcoming  specific  and  latent 
heat  and  chemical  affinity,  must  exclude  it  from  consideration 
as  a  fuel. 

Mr.  Campbell  does  not  say  definitely,  in  his  explanation  of 
Table  VI.,  that  the  hydrogen  in  the  water  has  been  used  in 
calculating  the  carbon-hydrogen  ratio ;  but  in  two  or  three  cal- 
culations his  results  are  obtained  by  dividing  the  total  hydro- 
gen of  Table  IV.  into  the  total  carbon  of  Table  V. 

However,  this  assumption  is  not  always  exactly  verified. 
Thus,  for  "West  Va.,  No.  1,"  of  which  the  total  hydrogen- 
value  (Table   IV.)  is    5.67,  and   the  total-carbon   percentage 
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(Table  V.)  84.45,  Mr.  Campbell's  ratio  in  Table  VI.  is  14.7, 
whereas,  apparently,  it  should  be  14.89  (or  14.9). 

K  any  criticism  can  be  made  of  these  valuable  tables,  it  is 
that  their  purport  is  not  stated  with  sufficient  fullness  in  the 
text  or  title. 

Without  pretending  to  exhaust  all  the  extremely  interesting 
aspects  which  an  examination  of  them  reveals,  it  occurs  at  once 
that  the  main  reason  why  the  divisions  in  Table  VI.  are  more 
satisfactory  than  the  others  is  because  the  divisors  (the  weights 
of  hydrogen  in  the  volatile  combustible  matter  and  in  the  hy- 
groscopic water)  being  smaller  numbers,  and  the  dividends  (the 
weights  of  the  fixed  carbon  with  those  of  the  hydrocarbons 
added)  larger,  the  quotients,  and  therefore  the  figures  repre- 
senting the  gradations,  are  also  larger,  and  will  accommodate 
more  members  of  a  series. 

For  instance,  the  carbon-hydrogen  ratio  of  the  brown  lig- 
nite, "  Texas,  No.  1 "  (9.4),  at  the  bottom  of  his  scale,  is  less 
than  one  integer  smaller  than  the  carbon-hydrocarbon  ratio 
for  anthracite,  Penna.,  No.  8  (10.22),  at  the  very  top  of  my 
scale  of  classification. 

Mr.  Campbell's  system  has  also  a  manifest  advantage  over 
mine  in  dealing  with  the  highly  bituminous  coals  and  lignites 
containing  little  or  no  uncombined  carbon ;  for  he  still  obtains 
a  measurable  ratio  by  splitting  up  the  compound  (of  which  the 
weight  was  my  divisor,  with  nothing  to  divide)  and  making  its 
heavy  component,  carbon,  the  dividend — ^thus  getting  a  whole 
number  for  his  quotient 

While  congratulating  Mr.  Campbell  on  the  painstaking  work 
which  has  made  his  ingenious  improvement  on  the  fuel-ratio 
system  possible,  apd  sharing  with  him  both  the  hope  and  the 
belief  that  future  and  more  extensive  investigation  will  lead  to 
still  further  improvements  and  increase  its  value,  I  doubt 
whether  the  twelve  groups  indicated  in  Table  VII.  will  ever  be 
firmly  established,  or  would  assist  either  the  scientific  or  the 
practical  man  if  they  were. 

Nor  does  it  seem  advisable  to  call  the  determination  of  two 
out  of  a  number  of  elements  always  present  in  coals  an  "  ulti- 
mate analysis."  In  fact,  such  a  detei*mination  is  not  much  less 
"  proximate  "  than  the  method  employed  by  the  Second  Geo- 
logical Survey  of  Pennsylvania,  et  aL     It  may  well  be  that 
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other  factors  than  carbon  and  hydrogen  will  some  day  furnish 
the  means  of  a  further  differentiation  of  lignites,  brown  coals, 
peats,  and  cannel  coals. 

In  following  the  figures  of  Mr.  Campbell's  six  tables,  along 
the  same  line  from  one  table  to  another,  it  is  very  interesting 
to  note  how  curiously  the  changes  of  sequence  follow  the 
changes  of  basis  of  classification.  As  these  tables  are  spread 
out  over  eleven  pages  in  his  paper,  I  have  combined  them  in 
six  parallel  columns  on  one  page,  for  better  comparison. 

In  the  symbols  at  th**  head  of  the  columns,  C  represents  un- 
combined  (or  fixed)  carbon ;  C,  carbon  combined  with  hydro- 
gen ;  H,  hydrogen  combined  in  the  volatile  hydrocarbons ;  and 
H',  that  in  the  water.  The  calorific  value  is  in  British  thermal 
units.  The  numbers  in  the  left-hand  column  are  those  given 
by  Mr.  Campbell  to  the  56  coals  from  various  States,  which 
formed  the  material  for  his  experiment,  in  the  order  in  which 
they  arranged  themselves  by  my  classification  of  fuel-ratio. 
They  begin  with  the  hard  anthracite  and  end  with  a  Texas 
brown  lignite,  the  first  and  highest  fuel-ratio  (No.  1)  being 
10.22,  and  the  last  and  lowest  (No.  56),  0.68. 

The  coals  in  the  other  columns  are  designated  by  their  places 
in  the  first  or  left-hand  column,  so  that  the  extent  of  their  dis- 
placement by  reason  of  another  system  of  classification  is  at 
once  seen. 

In  all  the  tables  the  values  decrease  in  descending,  except  in 
Table  IV.  (hydrogen),  where,  of  course,  they  increase  in  their 
passage  from  anthracite  to  bituminous. 

There  is  a  fair  agreement  of  data  in  Tables  L,  IL,  IV.,  V., 
and  VI.  in  the  upper  parts,  but  not  in  Table  III.,  whence  we 
learn  the  useful  lesson  of  the  great  calorific  power  of  the  Poca- 
hontas coals,  which  fill  the  first  three  places  at  the  head  of  this 
column ;  which  also  contains,  among  its  first  seventeen  num- 
bers, all  of  the  twelve  West  Virginia  coals  examined. 
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Table  I. — Comparison  of  Sequences  in  Tables  Z  to  VL,  incbisioe^ 
of  Marius  H,  CampbelPs  Classification  of  Coals. 


I. 

II. 

IIL 

Calorific 
Value. 

6  

IV. 

V. 

VI. 

c 

HC. 

C. 

1  

2  

3  

4  

6  

6  

7  

8  

9  

10  

11  

12  

16  

13  

14  

16  

18  

19  

21  

20  

24  

17  

23  

22  

30  

27  

26  

26  

36  

32  

33  

34  

36  

29  

42  

38  

41  

31  

28  

37  

43  

39  

62  

48  

45  

53  

47  

46  

44  

54  

40  

61  

49  

60  

66  

56  

H  +  H'. 
1  ..  . 

c  +  c 

C+C 
H  +  H'. 

1  

1 

6 

5  

3  

2  

4  

10  

7  

8  

9  

15  

11  

13  

14 

16  

12  

24  

18  

36  

23  

19  

21  

22  

32  

34  

30  

53  

42  

33  

20  

27  

25  

54  

38  

17  

44  

1 

2  

:.....  5:::.:: 

2  

2 

3  

4 

4  

4 

4  

::::::  10 .;...: 

3  

3 

5  

8  

7  ..  .. 

5 

6  

16  

8  

7 

7  

9  

9  

9 

8  

11  

: 5 

8 

9  

12  

6  .... 

6 

10  

3  

10 

10 

11  

13 11  

11 

12 

:::.:.  7  .:  ... 

......  13  ... 

13 

13  

14  

12  

15 

14  

16  

20  

12 

16  

:::::.  2...... 

15  

14 

16  

24  

14  

16 

17  

..:...  36 

32  

24 

18  

21  

16  

21 

19  .  .. 

.:...:  1  ...... 

24  

32 

20  

19  

17  

19 

21  

18  

21  

20 

22  .  .. 

30  

33  

18 

23  

23  

19  

36 

24  

32  

30  

30 

26 

22  

'AR 

...  33 

26 

53  1 18  

22 

27   ... 

20  

27  

23 

28  

34  

41  

17 

29  

27  

26  

27 

30 

33  

61  

25 

31  

42  

22  

30 

32 

38  

9A 

34 

33 

35 3Q  

42 

34  .... 

17  

49 

38 

35 

25  

23  

36 

36 

44  

55  

53 

37 

64  

36  

35  

43  

41  

48  

62  

26  

37  

46  

45  

29  

47  

28  

31  

39  

40  

61  

66  

50  

65  

49  

44 

38 

43  

38  

26 

39 

62  

28  

...  .  43 

40 

48  

52  

54 

41 

37  

40  

48 

42 

41  

48  

.  ...  52 

43  

26  

31  

37 

44 

29  

37  

28 

45 

46  

44  

46 

46 

46  

43  

39 

47 

47  

42  

45 

48 

28 46  

29 

49  

31  

64  

31 

60 

39  

47  

47 

51  

52 

40  

34  

51 

55  

46  

40 

63  

64  

55  

66  

56  

...  .  29  

65 

51  

50  

49 

50  

53  

50 

49  

ri'l: 

56 
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Biographical  Notice  of  George  H.  Eldridge. 

BY  8.   F.   EMMONS,   WASHINGTON,   D.C, 
(Bethlehem  Meeting,  Febraary,  1906.) 

By  far  the  greater  number  of  the  members  of  this  Institute 
are  men  who  are  engaged  in  the  strenuous  work  of  the  techni- 
cal part  of  their  profession,  and  find  little  time  for  the  abstract 
scientific  work  which  is  less  distinctly  practical  and  pecuniarily 
remunerative.  There  is,  however,  a  small  but  increasingly  nu- 
merous class  whose  members  devote  themselves  to  broad  geo- 
logical problems  which  underlie  the  systematic  development, 
and  whose  work,  theoretically,  ought  to  precede  and  form  a 
basis  of  that  of  their  more  practical  brethren.  These  are  the 
so-called  mining  or  economic  geologists,  who  are,  for  the  most 
part,  connected  with  State  or  National  geological  surveys. 
Prom  the  character  of  their  work,  the  life  of  these  men  neces- 
sarily follows  rather  diflTerent  lines  than  that  of  most  of  their 
colleagues,  and  is  not  generally  familiar  to  them.  It  seems  ad- 
missible, therefore,  that  to  the  life  of  a  prominent  member  of 
this  class,  who  died  during  the  past  year,  having  literally  sac- 
rified  his  life  to  his  work,  a  more  extended  notice  should  be 
given  than  the  relatively  small  number  of  his  contributions  to 
the  Transactions  might  seem  to  justify. 

George  Homans  Eldridge,  son  of  EUery  and  Sarah  (Mathews) 
Eldridge,  was  born  on  Cape  Cod  at  Yarmouth,  Mass.,  Christ- 
mas day,  1854.  His  boyhood  education  in  the  public  school  at 
Yarmouth  was  followed  by  a  six  years'  course  in  the  Public 
Latin  School  at  Boston,  from  which  he  entered  Harvard  Uni- 
versity in  1872,  being  graduated  with  the  highest  rank  in  his 
class  in  the  natural  sciences  in  1876. 

During  his  college  course  he  spent  the  summers  of  1875-6 
at  Cumberland  Gap,  Ky.,  as  volunteer  aid  to  Prof.  N.  S.  Shaler, 
who  was  then  in  charge  of  the  State  Geological  Survey  of  Ken- 
tucky. This  vacation  work,  undertaken  by  him  rather  as  a 
pastime,  gave  him  his  first   leaning   toward  geology.      Soon 
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after  graduation,  through  the  failure  of  one  of  the  trustees,  his 
father's  estate  became  so  impaired  *  that  he  found  himself 
obliged  to  give  up  his  chosen  profession  of  medicine,  and  to 
embrace  the  more  immediately  remunerative  one  of  teaching, 
in  order  to  meet  the  responsibilities  thus  early  thrust  upon 
him.  To  this  work  he  devoted  himself  with  such  assiduity  and 
success  that  he  was  early  appointed  principal  of  the  high  school 
at  Nahant,  Mass.  His  was,  however,  too  energetic  a  nature  to 
allow  itself  to  be  tied  down  to  the  routine  of  a  simple  peda- 
gogue. He  organized  a  series  of  lectures  on  the  natural  sci- 
ences for  the  little  community  in  which  he  lived,  and  still 
found  time  to  take  private  lessons  on  the  practical  side  of  geo- 
logical work  from  his  former  inspiring  teacher,  Prof.  Shaler  of 
Harvard. 

It  was  early  in  1879,  while  still  in  charge  of  this  school,  that 
the  opportunity  presented  itself  which  ultimately  lead  to  the 
adoption  of  his  life  work,  that  of  economic  geologist  on  the 
United  States  Geological  Survey.  It  was  in  this  year  that  that 
institution  was  created  as  a  permanent  branch  of  the  govern- 
ment service  to  succeed  all  previous  and  temporary  organiza- 
tions of  its  kind.  During  the  same  year,  Gen.  F.  A.  Walker 
had  been  placed  in  charge  of  the  Tenth  Census  of  the  United 
States,  with  unusually  wide  powers  and  large  appropriations. 
It  was  his  broad  conception  that  the  census  work  should  be 
something  more  than  a  mere  compilation  of  dry  figures.  He 
thought  it  should  also  include  such  a  critical  study  of  the  prin- 
cipal branches  of  industry  of  the  country  as  would  serve  to 
guide  Congress  in  its  economic  legislation  during  the  following 
decade.  To  accomplish  this,  he  placed  the  investigation  of  the 
different  industries  in  charge  of  the  men  best  fitted  for  the  re- 
spective work,  under  whom  the  personal  investigations  should 
be  made  by  experts  chosen  for  their  special  qualification.  In 
pursuance  of  this  plan,  the  Director  of  the  new  Geological  Sur- 
vey was  given  charge  of  the  investigation  of  the  precious 
metals,  and  to  Prof.  Raphael  Pumpelly  was  entrusted  that  of 
the  other  useful  metals,  principal  among  which,  at  that  time, 
were  iron  and  steel. 

Among  the  first  special  experts  engaged  by  Prof.  Pumpelly 
for  the  active  part  of  this  work  was  Eldridge,  whose  fitness  for 
this  new  and  peculiarly  diflScult  work  had  been  testified  to  by 

[2] 


BIOGRAPHICAL   NOTIOB   OF   GEORGB   H.  BLDRIDGB.  249 

Prof.  Shaler,  from  his  intimate  knowledge  of  the  qualities  of 
the  man  gained  during  the  vacation  work  under  him  in  Ken- 
tucky. Special  branches  of  investigation  to  which  he  was  as- 
signed were  the  base-metal  deposits  of  the  southern  Appala- 
chians and  the  coal-fields  of  northern  Montana,  which,  up  to 
that  time,  were  practically  unexplored. 

Two  years  later  Prof.  Pumpelly  took  charge  of  the  Northern 
Transcontinental  Survey,  which  had  been  organized  by  Henry 
Villard,  then  President  of  the  Northern  Pacific  railroad,  for 
the  purpose  of  making  a  study  of  the  mineral  resources  of  the 
region  traversed  by  that  road.  Eldridge  was  one  of  the  first 
geologists  employed  by  him,  and  was  given  charge  of  the  Rocky 
Mountain  division,  to  which  was  entrusted  the  solution  of  some 
of  the  most  difficult  and  critical  problems  involved.  Some  of 
the  results  of  this  work  are  found  in  the  Reports  of  the  Tenth 
Census  (volume  xiii.) ;  but,  owing  to  its  sudden  termination, 
the  results  of  the  Northern  Transcontinental  Survey  were  never 
fully  published. 

When,  in  the, winter  of  1888-4,  financial  disaster  overtook 
the  Northern  Pacific  railroad,  and  the  Northern  Transconti- 
nental Survey  was,  in  consequence,  suddenly  disbanded,  of  the 
geologists  thus  set  free,  Eldridge,  on  the  recommendation  of 
his  former  chief.  Prof.  Pumpelly,  was  the  first  to  be  transferred 
to  the  United  States  Geological  Survey,  to  fill  a  vacancy  then 
existing  in  its  corps  of  economic  geologists. 

From  1884  to  1890  Eldridge  was  attached  to  the  division  of 
mining  geology,  under  my  direction,  and  his  work  during  this 
time  lay  mainly  in  Colorado.  Eldridge  early  distinguished 
himself  for  his  keen  insight  into  stratigraphic  problems,  espe- 
cially those  connected  with  the  underground  development  of 
coal-seams.  Among  his  fellows  his  most  striking  character- 
istics were  his  untiring  energy  and  the  thoroughness  with 
which  he  mastered  every  detail  of  his  subject.  His  physical 
endurance  was  phenomenal.  In  camp-life  in  the  mountains, 
where,  at  that  time,  the  physical  difficulties  to  be  overcome 
were  greater  than  at  the  present  day,  he  seemed  to  gather  new 
energy  from  every  obstacle  that  came  in  his  way ;  and  while 
always  cheerful,  he  became  eminently  so  where  others,  through 
an  accumulation  of  difficulties,  were  inclined  to  be  discouraged. 
Winter  work  in  these  elevated  regions  had  hitherto  been  con- 

[3] 


250  BIOGRAPHICAL   NOTICE   OF   GEORGE    H.  BLDRIDGB. 

flidered  inadvisable,  but  Eldridge  demonBtrated  for  the  first 
time  that  such  work  was  practicable  by  remaining  in  camp 
sometimes  through  the  entire  winter.  During  these  years  he 
was  mainly  occupied  with  stratigraphic  problems  connected 
with  the  southern  Elk  Mountains  in  Gunnison  county,  Colo., 
and  with  the  Denver  Basin  on  the  eastern  foot-hills  of  the 
Rocky  Mountains.  In  each  case  the  completion  of  the  work 
was  unavoidably  delayed  by  the  inability  of  the  topographic 
force  of  the  Survey  to  finish  the  necessary  maps,  and  Eldridge 
was  called  upon  to  do  no  inconsiderable  part  of  the  topography 
himself,  he  being  eminently  possessed  of  the  topographic  skill 
which  forms  so  important  a  part  of  an  American  geologist's 
training. 

Many  other  geological  investigations  in  the  Rocky  Moun- 
tains were  carried  on  by  him  during  these  years,  for  which  he 
received  no  public  credit,  the  results  having  been  either  not 
yet  published  or  else  incorporated  into  the  work  of  other 
geologists. 

In  1889,  in  addition  to  other  work  on  which  he  was  engaged, 
Eldridge  was  called  upon  by  the  Director  to  compile  a  record 
of  the  artesian  wells  of  the  United  States,  and  to  map  the 
distribution  of  coal  in  the  arid  region.  In  the  then-existing 
state  of  knowledge,  either  of  these  pieces  of  work  involved  an 
amount  of  research  that  few  would  have  been  willing  to  un- 
dertake to  complete  in  any  limited  period ;  but  Eldridge,  with 
his  usual  energy  and  cheerfulness,  undertook  both,  and  soon 
delivered  to  the  Director  maps  showing,  respectively,  the  dis- 
tribution of  coal-developments  in  the  arid  region,  and  the  loca- 
tion of  artesian  wells  throughout  the  United  States,  with  an 
article  on  those  of  the  entire  world.  There  seems  to  be  no 
record  of  the  printing  of  these  reports,  but  they  may  be  safely 
assumed  to  have  been  the  starting-point  for  the  elaborate  in- 
vestigations on  these  subjects  now  conducted  by  special  de- 
partments of  the  Survey. 

In  1890,  while  putting  some  finishing  touches  on  his  Denver 
Basin  work,  much  of  which  was  dependent  for  its  data  upon 
the  records  of  artesian  wells,  he  made  his  well-known  study 
of  the  Florence  oil-field,^  which  was  the  first  scientific  investi- 
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gation  of  commercially  successful  oil-production  in  the  Rocky 
Mountain  region,  and  a  work  that  has  had  a  most  favorable  in- 
fluence upon  an  industry  that  has  since  assumed  great  import- 
ance in  the  West. 

In  the  decade  commencing  with  1880^  the  economic  work  of 
the  United  States  Geological  Survey  was  first  extended  to 
special  investigations  of  the  individual  useful  minerals,  and  in 
the  pioneer  work  of  this  branch,  as  of  many  others,  Eldridge 
took  a  leading  part. 

Unusually  rich  phosphate  rock  had  recently  been  discovered 
in  Florida  in  hitherto  unknown  geological  relations,  and  a 
Florida  division  was  created,  of  which  Mr.  Eldridge  was  put  in 
charge.  The  investigation  was  particularly  difficult,  because 
the  country  rises  but  little  above  tide-level,  and  no  natural  sec- 
tions can  be  found ;  hence,  the  geologist  must  depend  upon 
artificial  excavations  for  his  data.  The  region,  moreover,  is 
unhealthy  during  the  great  heats  of  summer;  consequently, 
the  work  was  mainly  carried  on  during  the  winter  and  spring 
months,  and  Eldridge  continued  to  give  up  his  summers  to 
work  in  the  Rocky  Mountains;  thus,  he  accumulated  double 
the  amount  of  field  data,  and  had  correspondingly  smaller 
amount  of  time  than  his  fellow-geologists  for  working  up  his 
material  in  the  office.  For  a  long  time,  moreover,  accurate 
maps  of  the  region  were  entirely  wanting,  and,  while  waiting 
for  these,  Eldridge  was  frequently  assigned  to  work  in  other 
fields,  which  momentarily  seemed  of  more  pressing  import- 
ance ;  thus,  those  not  cognizant  of  the  facts  may  have  been  led 
to  blame  him  for  delays,  whereas,  in  point  of  fact,  he  was  for 
a  long  period  only  able  to  devote  to  this  work,  which  he  had 
so  much  at  heart,  odd  moments  stolen,  as  it  were,  during  inter- 
vals of  other  work. 

In  1898  he  published*  a  preliminary  sketch  of  the  geology 
of  the  Florida  phosphates.  During  the  following  years,  how- 
ever, he  was  unable  to  give  any  time  to  this  work,  being  called 
upon  to  take  charge  of  a  new  type  of  Survey  work  in  the  West. 
This  was  the  rapid  geological  reconnaissance  of  hitherto  unex- 
plored areas  of  the  Rocky  Mountains,  destined  to  fill  up  gaps 
in  the  geological  map  of  the  United  States  on  the  40-mile 
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scale,  in  course  of  preparation  by  the  Survey.  Mr.  Eldridge 
was  eminently  endowed  with  the  qualifications  for  such  work, 
namely,  energy  in  exploration  and  a  field-experience  that  ena- 
bled him  to  grasp  rapidly  the  salient  features  of  the  geology  of 
a  region.  During  the  summers  of  '98,  '94,  he  made  such  sur- 
veys of  large  areas  in  northwestern  Wyoming  and  in  north- 
eastern Idaho,  respectively,  and  in  each  case  had  worked  up 
his  material,  and  had  his  report  ready  for  the  printer,  before 
the  opening  of  the  succeding  field-season. 

In  the  summer  of  1895  he  was  assigned  to  the  investigation 
of  the  mineral  resources  of  the  Uncompahgre  and  Uinta  In- 
dian reservations,  in  Utah,  a  knowledge  of  which  had  become 
of  importance  to  the  government,  because  of  the  demand  for 
the  throwing  open  of  these  lands  to  public  occupation.  In  that 
summer's  work  he  investigated,  alone  and  unaided,  7,000  sq. 
miles  of  very  difficult  country,  and,  as  a  result  of  his  work, 
prepared  in  the  following  winter  a  report*  on  the  most  important 
mineral  resources  of  that  area — the  Uintaite-deposits — ^which 
constituted  at  that  time  the  most  comprehensive  discussion  of 
such  deposits,  not  only  for  this  region,  but  for  the  whole  con- 
tinent. 

Immediately  upon  completion  of  this  work,  in  the  spring  of 
1896,  his  Florida  phosphate  work  was  taken  up  again,  and  car- 
ried on  continuously  until  interrupted  in  the  following  year  by 
a  special  order  of  the  Secretary  of  the  Interior,  that  he  make 
an  investigation  of  the  asphalts  of  Utah,  which  should  furnish 
data  for  the  Land  Office  in  regard  to  the  best  methods  of  open- 
ing up  the  Indian  lands  for  mineral  occupation.  His  report  on 
this  work,  being  for  the  private  use  of  the  Department,  has 
never  been  published. 

When  the  discoveries  of  gold  in  Alaska  had  assumed  con- 
siderable industrial  importance.  Congress,  by  its  Act  of  January 
28,  1898,  ordered  special  geological  and  topograpical  surveys 
to  be  made  of  that  region,  appropriating  $20,000  for  the  pur- 
pose. This  constituted  an  entirely  new  branch  of  work  for  the 
Survey,  and  required  a  novel  and  special  organization  of  par- 
ties and  methods  of  transportation,  which  could  not  be  gov- 
erned to  advantage  at  a  distance  of  6,000  miles  from  the  field 
of  work,  but  necessitated  a  responsible  head,  who  could  direct 
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the  work  on  the  spot.  The  qualifications  for  such  a  position 
were  administrative  capacity  and  tact,  combined  with  geologi- 
cal experience  and  great  physical  endurance.  Eldridge,  being 
judged  to  be  the  one  who  best  combined  all  these  varied  quali- 
ties, was  appointed  geologist  in  charge  of  this  work  in  Febru- 
ary, 1898.  He  at  once  took  charge  of  the  outfitting  and  prepa- 
ration of  the  various  parties,  which  sailed  from  Seattle  on  the 
United  States  gunboat  Wheeling  on  April  5th.  He  had  charac- 
teristically chosen  for  himself  what  promised  to  be  the  most 
difficult  piece  of  work,  namely,  the  exploration  of  the  highly 
mountainous  interior  of  the  main  peninsula.  On  May  4th,  with 
Mr.  Robert  Muldrow  and  several  camp  assistants,  he  started 
up  the  Sushitna  river,  following  it  to  its  head,  and  then  crossed 
the  divide  on  foot  to  the  drainage  of  the  Tanana  river.  They 
thus  passed  near  and  measured,  for  the  first  time,  the  highest 
point  on  the  North  American  continent — Mt.  McKinley  (20,464 
ft.).  The  amount  of  hardship  endured  during  the  little  over 
four  months  occupied  by  this  trip,  can  be  appreciated  only  by 
those  who  took  part  in  it,  and  they  were  men  who  are  not  in- 
clined to  complain  of  such  things.  For  weeks,  and  even 
months,  they  were  [pushing  their  heavily  freighted  boats 
against  the  ice-laden  current  of  this  great  stream,  often  above 
their  waists  in  the  icy  waters  for  long  periods.  Then,  when 
the  head  of  navigation  was  reached,  they  were  obliged  to  pack 
on  their  backs  all  their  heavy  camp-stuiF  over  a  route  that,  be- 
cause of  the  bulk  of  the  material  transported,  had  to  be  gone 
over  at  least  twice  on  each  day's  journey.  Eldridge*s  fnends, 
who  were  familiar  with  his  rugged  vigor,  were  struck  with  the 
change  in  his  appearance  upon  his  return  from  this  venture- 
some trip.  The  man,  whom  physical  hardship  had  hitherto 
seemed  only  to  render  more  vigorous  and  sturdy,  at  length 
showed  evidence  of  physical  wear.  This  can  hardly  be  won- 
dered at,  for  Eldridge  was  then  in  his  forty-fourth  year,  and 
the  experience  of  Survey  work  in  Alaska  has  shown  that  ex- 
ploration in  the  interior  should  be  entrusted  only  to  young  men 
of  rather  exceptional  vigor,  if  they  are  expected  to  endure  more 
than  a  single  season's  campaign.  It  was  at  the  close  of  this  trip 
that  Eldridge  reached  the  crowning  happiness  of  his  life,  in 
marrying  Miss  Jessie  Newlands,  of  San  Francisco,  niece  of  the 
Senator  from  Nevada. 
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His  report  on  the  work  in  Alaska  being  completed  in  April, 
1899,  he  at  once  resumed  work  on  the  Florida  phosphates,  which 
was  again  interrrupted  by  his  assignment,  at  the  commencement 
of  the  fiscal  year  1899-1900,  to  the  study  of  the  asphalts  and 
bituminous-rock  deposits  of  the  entire  United  States.  The 
necessary  field-investigation  for  this  work  took  him  into  no  less 
than  ten  States  and  Territories,  and  occupied  all  his  time, 
winter  and  summer,  until  the  fall  of  1900.  The  results  of  this 
work  were  published*  in  an  abundantly  illustrated  form,  and 
accompanied  by  maps  of  all  the  principal  asphalt  fields,  prac- 
tically constituting,  by  its  exhaustive  treatment,  a  standard 
monograph  on  this  class  of  deposits. 

In  the  spring  of  1901,  immediately  upon  the  completion  of 
his  asphalt  report,  Eldridge  once  more  resumed  work  on  the 
Florida  phosphates,  and  had  brought  it  to  within  a  month  or 
two  of  completion,  when,  on  the  opening  of  the  field-season, 
he  was  assigned  to  another  investigation,  which  was  judged  to 
be  of  greater  immediate  importance — ^that  of  the  petroleum- 
fields  of  California.  He  took  up  this  work  with  his  usual 
energy  and  thoroughness,  temporarily  closing  his  newly  ac- 
quired home,  near  Washington,  to  live  in  California  while  the 
field-work  was  in  progress.  In  the  fall  of  1902  he  returned  to 
Washington,  to  write  up  his  report  on  this,  his  last,  and,  as  he 
thought,  his  greatest,  piece  of  work.  From  that  time  onward, 
summer  as  well  as  winter,  with  scarcely  an  interval  of  rest,  he 
devoted  his  entire  energies  to  the  working  up  of  the  enormous 
amount  of  material  he  had  gathered  to  elucidate  the  structure 
of  those  extremely  complicated  regions.  His  many  maps  and 
diagrams  had  been  fully  completed,  the  chemical  and  structural 
problems  discussed,  and  the  most  important  chapters  of  his  re- 
port were  not  only  written,  but  fully  revised,  before  he  was  in- 
capacitated for  further  work  by  his  final  illness. 

The  actual  cause  of  this  last  sickness  will,  perhaps,  always 
remain  in  doubt.  That,  with  his  magnificent  physique,  and  a 
power  of  endurance  that  seemed  inexhaustible,  he  should  have 
been  taken  off  in  the  prime  of  his  manhood,  was  evidently  due 
to  his  having  overtaxed  his  powers,  and  continued  confinement 
to  the  oflice,  especially  during  the  heats  of  the  Washington 
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summers,  undoubtedly  had  a  debilitating  effect  upon  one  so 
accustomed  to  an  outdoor  life  as  he  was. 

In  October  and  November,  1904,  he  was  laid  up  for  a  month 
with  a  peculiar  illness  that  took  the  form  of  a  low  fever  and 
baffled  the  physicians.  In  January,  1905,  possibly  before  he 
was  physically  capable,  he  made  a  trip  to  Cuba  to  examine 
some  asphalt-deposits,  returning  by  way  of  Florida  to  verify 
the  latest  developments  in  the  phosphates.  This  was  his  last 
field-work.  Within  a  month  after  his  return  to  the  office  ill- 
ness again  obliged  him  to  give  up  work.  He  underwent  a  pain- 
ful surgical  operation,  from  the  effects  of  which  he,  at  first,  re- 
covered so  rapidly  that  he  expected  in  a  few  weeks  to  resume 
his  nearly  completed  work.  This  relief  proved,  however,  to 
be  only  temporary.  The  former  physical  troubles  returned, 
caused,  as  it  proved,  by  sarcoma  of  the  kidney,  and,  aft;er  a 
painful  and  prolonged  struggle,  he  finally  succumbed  on  June 
29,  1905.  Through  all  this  last  illness  the  prevailing  charac- 
teristics of  his  life,  the  combination  of  strength  and  sweetness 
of  character,  showed  in  strongest  relief.  Though  doubtless 
conscious  before  all  others  that  he  was  near  his  end,  he  re- 
mained cheerful  and  courageous  to  the  last,  and,  when  the  fatal 
result  could  be  no  longer  concealed  from  his  wife,  he  calmly  pro- 
ceeded to  put  his  worldly  affairs  in  order  in  the  utmost  detail. 

Although  his  two  last  and  most  important  pieces  of  work, 
the  studies  of  the  phosphates  of  Florida  and  of  the  asphalts 
of  California,  were  neither  of  them  complete  at  the  time  of  his 
death,  they  will  by  no  means  be  lost,  since  much  of  his  manu- 
script was  already  written  and  his  material  and  notes  were 
clearly  and  systematically  arranged,  so  that  they  can  be  pre- 
pared for  publication  with  comparatively  little  supplementary 
work. 

Eldridge  was  remarkable  for  his  robust  physique,  his  strong 
and  admirable  personality,  his  exceptionally  cheerful  nature, 
and  the  keen  interest  with  which  he  entered  into  all  pursuits, 
whether  of  work  or  recreation.  His  early  instructor  and  life- 
long friend.  Prof.  Shaler,  says  of  him  : — 

"  He  will  remain  with  me  as  the  type  of  the  strong,  well- 
balanced  man;  brave,  steadfast,  patient  in  his  duties,  ever 
friendly  with  his  neighbors,  helpful  with  his  friends.  I  feel 
that  my  contacts  with  him  served  to  ennoble  my  life." 
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It  seems  one  of  the  inscrutable  provisions  of  Providence 
that  this  man  should  have  been  suddenly  taken  away  in  the  full 
vigor  of  manhood,  and  just  as  he  was  nearing  the  goal  to 
which,  in  his  public  as  well  as  in  his  domestic  life,  his  great 
energies  had  been  so  long  directed.  But,  admired  and  re- 
spected as  he  was  by  all  who  knew  him,  his  energetic  devotion 
to  his  work  and  the  contagious  cheeriness  of  his  personality 
will  ever  remain  an  inspiring  memory  among  his  associates. 


The  following  list  comprises  the  papers  which  Mr.  Eldridge 
has  presented  to  the  Institute : — 

Title.  Volume.  Page. 

The  Florence  Oil-Field,  Colorado,       .         .      xx.         442-462 
A  Preliminary  Sketch  of  the  Phosphates  of 

Florida, xxi.         196-231 

In  addition  to  the  above  papers,  Mr.  Eldridge's  publications 
are  as  follows : — 

Montana  Coal-Fields :  Tenth  Oengus  of  the  United  States  (1879-1880),  vol.  15, 
pp.  739-757  (1886). 

The  Industries  of  the  Base  Metals  (Lead,  Zinc,  and  Copper)  in  the  Census 
Year :  Tenth  Oensue  of  the  United  StaJLes  (1879-1880),  vol.  16,  pp.  809-830  (1886). 

On  Some  Stratigraphic  and  Structural  Belations  of  the  Country  about  Denver, 
Colo. :  Mining  Industry  (Denver,  Colo.),  vol.  3,  No.  3,  pp.  24-25;  No.  4,  pp.  33- 
35 ;  No.  5,  pp.  44-45  (1888). 

Some  Suggestions  upon  the  Method  of  Grouping  the  Formations  of  the  Middle 
Cretaceous,  and  the  Employment  of  an  Additional  Term  in  Its  Nomenclature: 
American  Journal  of  Science,  vol.  38,  pp.  3ia-321  (October,  1889). 

On  Certain  Peculiar  Structural  Features  in  the  FoothiU  Beffion  of  the  Bocky 
Mountains  near  Denver,  Colo.  :  BuUetin  of  the  Philosophical  Society  of  Washinffton^ 
vol.  11,  pp.  247-274  (1892). 

Artesian  Wells  of  Eastern  Dakota  :  Oompte  Bendu,  International  Oongresa  of  Qe- 
otogitU,  5th  session,  p.  818  (1893). 

Anthracite-Crested  Butte  Folio.  Colorado  (in  oonjuction  with  S.  F.  Emmons 
and  C.  Whitman  Cross):  Geologic  Atlas  of  the  United  States Jdio  9,  U.  &  Geo- 
logical Survey  (1894). 

A  Geological  Beconnaissance  in  Northwest  Wyoming  :  BuUetin  No.  119,  U.  & 
Geologial  Survey,  pp.  72  (1894). 

A  Geological  Beconnaissance  Across  Idaho  :  16th  AnnwU  Beport,  U.  S,  Geologi- 
cal Survey,  pU  2,  pp.  211-276  (1895). 

Occurrence  of  Uintaite  in  Utah  :  Science,  new  series,  vol.  3,  pp.  830-832  (1896). 

The  Uintaite  (Gilsonite)-Deposlt8  of  Utah  :  17th  Annual  Beport,  U  S.  Geotogi- 
cat  Survey,  pt  1,  pp.  909-949  (1896). 

Geology  of  the  Denver  Basin  in  Colorado  (in  conjunction  with  S.  F.  Emmons 
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and  G.  Whitman  Crofls) :  Monograph  No.  27,  U.  S.  Geological  Survey,  pp.  556 
(1896). 

Beport  of  the  Sushitna  Expedition  (in  oonjanction  with  Robert  Mnldrow) ; 
The  Extreme  Southeastern  Coast ;  The  Coast  from  Lynn  Canal  to  Prince  William 
Sound ;  The  Sushitna  Drainage  Area ;  Maps  and  Descriptions  of  Routes  of  Ex- 
ploration in  Alaska  in  1898,  with  General  Infonnation  Concerning  the  Territory ; 
Special  PubHeatUm  of  the  U.  &  Oeologieal  Survey,  pp.  15-27, 101-102,  103-104,  111- 
112  (1899). 

A  Reconnaissance  in  the  Sushitna  Basin  and  Adjacent  Territory,  Alaska,  in 
1898 :  20eA  Annual  BepoH,  U.  S.  Oeologieal  Survey,  pt  7,  pp.  7-29  (1900). 

The  Asphalt  and  Bituminous  Rock  Deposits  of  the  United  States :  22d  Annual 
Report,  U,  &  Qedogieal  Survey,  pt.  1,  pp.  209-464  (1901). 

Origin  and  Distribution  of  Asphalt  and  Bituminous  Rock  Deposits  in  the 
United  States :  BulUtin  No,  213,  U,  &  Geological  Survey,  pp.  296-305  (1903). 

The  Petroleum- Fields  of  California:  Bulletin  No.  213,  U.  S.  Geological  Survey, 
pp.  806-321  (1908). 
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[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


The  Commercial  Value  of  Coal-Mine  Sampling. 

A  Ducussion  of  the  Paper  by  MariuB  R  Campbell,  read  at  the  Washington 

Meeting,  May,  1905,  and  published  in  Bi-MonUdy  BuHetin,  No.  5, 

September,  1905,  pp.  1083-1049. 

Mr.  a.  Bement,  Chicago,  111.  (communication  to  the  Secre- 
tary*) : — Mr.  Campbell,  in  proposing  his  method  of  sampling 
coal-seams,  has  rendered  an  important  service  in  insisting  on 
the  presentation  of  an  adequate  history  of  the  sample ;  and  it 
is  to  be  hoped  that  his  suggestion  will  meet  with  further  rec- 
ommendation. In  my  opinion  it  is  fully  as  important  that  a 
complete  description  of  the  sample  and  the  conditions  sur- 
rounding its  taking  be  given,  as  the  results  of  the  analysis 
itself;  and  if  such  should  become  standard  practice,  coal-analy- 
sis would  assume  greater  value.  As  it  is,  the  published  data 
is  very  confusing,  and  only  to  an  extremely  small  extent  is  it 
really  useful. 

The  method  suggested  by  Mr.  Campbell,  however,  cannot 
have  a  general  application ;  for  example,  in  the  Eastern  Interior 
coal-basin,  particularly  at  the  present  time,  the  output  consists 
largely  in  grades  other  than  mine-run,  which  in  Illinois,  for  the 
year  1905,  was  only  about  24  per  cent,  of  the  total  product; 
and  inasmuch  as  Mr.  Campbell's  method  of  sampling  cannot 
give  values  for  any  other  grade  than  mine-run,  my  contention 
that,  at  best,  it  can  have  but  a  limited  application,  is  apparent. 
To  illustrate  the  argument,  there  are  two  coal-seams,  with  the 
characteristics  of  which  I  am  particularly  familiar ;  each  seam, 
as  it  lies  in  the  ground,  contains  almost  exactly  10  per  cent,  of 
ash;  the  lump  coal  from  one  of  these  seams  ranges  from  10  to 
11  per  cent,  of  ash,  but  from  the  other  seam  it  does  not  average 
more  than  6  per  cent.,  although,  as  before  mentioned,  the  aver- 
age percentage  of  ash  in  the  full  seam  is  the  same  for  each  case. 

A  careful  and  proper  sampling  of  coal-seams,  to  be  followed 
by  analysis,  is  to  be  commended  in  connection  with  all  investi- 
gation ;  in  fact,  it  should  precede  any  careful  study.   A  serious 

*  Beceived  January  22, 1906. 
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error,  however,  may  be  made  in  attempting  to  use  such  results 
to  set  values  on  the  product  as  shipped  or  received.  The  only 
way  that  proper  values  can  be  obtained  in  such  cases  is  to  sam- 
ple and  analyze  the  coal  as  loaded  or  received,  which,  of  course, 
will  require  the  averaging  of  a  large  number  of  samples.  In 
those  cases  in  which  the  entire  output  is  shipped  as  mine-run, 
the  method  proposed  by  Mr.  Campbell  certainly  affords  a  ready 
means  by  which  an  approximate  value  may  be  obtained,  al- 
though there  is  very  serious  danger  in  assuming  that  partings 
and  other  impurities  are  excluded  to  the  extent  that  may  be 
claimed. 
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The  Secondary  Enrichment  of  Copper-Iron  Sulphides.* 

BY  THOMAS  T.    READ,    NEW  YORK,   N.    Y. 
(Bethlehem  Meeting,  February,  1906.) 

The  fact  that  certain  types  of  ore-deposits  have  attained 
their  present  condition  through  the  action  of  descending  sur- 
face waters  was,  perhaps,  first  clearly  pointed  out  by  Posepny.^ 
The  oxidizing  effects  of  such  waters  were  discussed  by  Pen- 
rose,' and  many  papers  dealing  with  this  phase  of  the  subject 
have  subsequently  appeared.  That  secondary  enrichment  ot 
sulphide  ores,  however,  might  be  produced  by  descending  sur- 
face waters  was  not  clearly  understood  until  after  the  copper- 
bearing  veins  of  the  Butte  district,  Mont.,  had  been  carefully 
studied  by  the  geologists  of  the  U.  S.  Geological  Survey,  al- 
though De  Launay'  had  suggested  that  sulphides  might  be 
transported  from  point  to  point  and  re-deposited  in  the  zone 
above  the  level  of  ground-water.  As  a  result  of  the  study  of 
the  Butte  district,  two  papers  by  geologists  engaged  in  the 
work  appeared  within  a  short  interval.  The  first  by  Weed,* 
dealing  with  the  enrichment  of  veins  by  later  metallic  sul- 
phides ;  and  the  second  by  Emmons,*  treating  of  the  secondary 
enrichment  of  ore-deposits  in  general.  In  the  latter  paper  it 
was  pointed  out  that  a  typical  vein  of  sulphide  ores  which  has 
been  subjected  to  the  action  of  descending  surface  waters  ex- 
hibits four  zones, — an  upper  or  surface  zone,  in  which  the 
changes  have  been  mainly  of  removal,  the  products  being  typi- 
cally oxides;  a  second  zone  of  oxide  enrichment,  in  which  the 
less  soluble  metals  brought  from  above  have  been  precipitated 
as  carbonates  or  oxides ;  a  third  zone  of  sulphide  enrichment, 

*  Ckmtributums/rom  the  Department  of  Mineralogy,  Columbia  Univenity,  Tol.  x., 
No.  XL    ■ 

1  Trans.,  xxiiL,  197-360  (1893). 

*  Joumol  of  Oeology,  vol.  ii.,  pp.  288-317  (1894). 

>  Annates  des  Mines,  vol.  xii.,  pp.  119-228  (1897). 

*  BuUeiin  of  the  Qeoiogieal  Society  of  America,  vol  xi.,  pp.  179-206  (1900). 
»  Trans.,  xxx.,  177-216  (1900). 
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in  which  the  materials  brought  down  past  the  second  zone  have 
been  deposited  as  sulphides ;  and,  finally,  the  zone  of  unaltered 
sulphides. 

In  both  these  papers,  various  suggestions  were  made  con- 
cerning the  probable  chemistry  of  the  process.  Somewhat 
later  Winchell*  detailed  the  results  of  his  experiments  upon  the 
effect  of  solutions  of  CuSO^  and  SO,  upon  lean  sulphides,  and 
pointed  out  their  bearing  upon  the  production  of  rich  sul- 
phides, such  as  chalcocite,  from  sulphides  poor  in  copper. 
Still  more  recently,  Kemp^  has  pointed  out  that,  in  very  many 
instances,  lean  sulphides  are  later  than  the  rich  sulphides  with 
which  they  are  associated,  or  that  there  may  be  lean  sulphides 
which  are  younger  and  others  which  are  older  than  the  rich 
ores.  In  other  words,  the  changes  which  have  taken  place  are 
reversible,  an  observation  which  is  very  valuable. 

In  treating  the  chemistry  of  such  secondary  enrichment,  all 
the  foregoing  writers  have  assumed  that  chalcopyrite  has  the 
formula  Cu,S,  Fe,S,.  Some  years  ago,  Morgan  and  Smith® 
demonstrated  that  the  iron  of  chalcopyrite  is  all  ferrous,  or, 
conversely,  that  its  copper  is  cupric  and  its  formula,  therefore, 
is  CuS,  FeS.  Obviously,  this  must  radically  affect  the  reac- 
tions into  which  chalcopyrite  may  enter.  In  the  paper  by 
Weed,  already  cited,  little  attention  is  paid  to  the  valency  of 
the  copper,  and  copper-glance  is  frequently  referred  to  as  cu- 
pric sulphide.  On  the  other  hand,  a  writer  under  the  pseu- 
donym of  Agricola*  has  recently  criticized  a  reaction  suggested 
by  me  for  the  simultaneous  production  of  covellite  and  chalco- 
cite from  chalcopyrite,  on  the  ground  that  tie  cuprous  copper 
of  the  chalcopyrite  could  not  yield  cupric  sulphide  (covellite) 
in  the  presence  of  SO,.  Since  the  copper  of  chalcopyrite  is 
cupric,  this  criticism  is  without  point. 

The  experimental  work  of  Winchell,  already  mentioned,  has 
been  so  widely  quoted  and  so  extensively  drawn  on  by  others, 
that  it  seemed  advisable  to  undertake  further  work  along  the 
same  lines  in  order  to  elaborate  more  clearly,  if  possible,  the 
actual  processes  involved  in  the  secondary  enrichment  of  cop- 


<  BtUUlinof  the  Oeological  SoeUty  of  America^  vol.  ziv.,  p.  269  (1903). 
^  Economic  Geology,  pp.  11-26  (1905). 

"  Journal  of  the  American  Chemical  Society,  vol  zziii.,  p.  107  (1901). 
*  Engineering  and  Mining  Journal^  vol.  Izzix.,  p.  1147  (1905). 
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per-iron  sulphide  ores.  The  method  followed  by  Winchell  was 
to  place  pyrite,  containing  a  small  percentage  of  copper,  in  a 
sealed  jar  with  a  solution  of  CuSO^  in  one  case,  and  of  CuSO^ 
plus  SO,  in  the  other.  After  the  lapse  of  a  considerable  inter- 
val of  time  no  effect  was  apparent  in  the  jar  containing 
CuSO^  only,  but  in  that  containing  SO,  as  well,  the  grains  of 
pyrite  had  become  coated  with  a  blue-black  coating  resembling 
chalcocite.  Prom  these  results  and  some  other  chemical  ex- 
periments it  was  inferred  that  CuSO^  was  without  action  on  lean 
sulphides,  and  that  the  SO,  reduced  the  CuSO^  to  Cu,S04,  which 
then  reacted  on  the  pyrite  to  form  FeSO^,  Cu,S  and  S. 

In  conducting  further  experimental  work,  an  attempt  was 
made  to  imitate  natural  conditions  as  nearly  as  possible. 
Coarsely-crushed  pyrite  and  chalcopyrite  were  placed  in  open 
glass  tubes,  find  a  solution  of  CuSO^  was  allowed  to  percolate 
slowly  through  one  and  a  solution  of  CuSO^  plus  SO,  through 
the  other;  100  cc.  of  a  1.5-per  cent,  solution  was  used  in  each 
case,  being  passed  through  from  15  to  20  times  in  the  course 
of  two  weeks.  At  the  end  of  that  time  the  solutions  were 
analyzed,  which  showed  that,  in  the  case  of  the  CuSO^  plus 
SO,,  the  percentage  of  copper  present  had  decreased,  and  a 
notable  amount  of  the  iron  had  gone  into  solution  as  FeSO^. 
In  the  case  of  the  CuSO^  alone,  a  small  amount  of  iron  had 
gone  into  solution.  In  using  this  method,  it  proved  so  diffi- 
cult to  prevent  various  losses,  as  well  as  to  guard  the  ore  and 
solutions  from  the  effects  of.  vagrant  gases  in  the  laboratory, 
that  it  was  abandoned,  and  a  study  of  the  reactional  changes 
in  closed  vessels  was  substituted  in  its  place.  Small  (150-cc.) 
bottles  were  used  for  this  purpose.  For  the  original  cop- 
per-iron sulphide,  chalcopyrite,  crushed  between  40  and  100 
mesh,  was  selected,  and  in  order  that  the  enrichment  changes 
might  have  opportunity  partly  to  establish  themselves,  it  was 
warmed  with  dilute  CUSO4  solution  until  it  became  distinctly 
tarnished,  and  then  washed  and  dried.  An  analysis  showed 
it  to  contain  Cu,  32.62,  and  Fe,  27.24  per  cent.  Ten  grams 
of  this  material  were  placed  in  each  bottle,  and  100  cc.  of 
each  of  the  following  solutions  were  added  to  the  correspond- 
ing bottle : — 

1,  A  solution  of  copper  sulphate  containing  8.6  mg.  of  cop- 
per per  cc,  saturated  with  SO,  gas. 
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2.  A  solution  of  copper  sulphate  containing  8.6  mg.  of  cop- 
per per  cc. 

3.  Distilled  water  saturated  with  80,  gas. 

4.  A  solution  of  calcium  bicarbonate. 

The  bottles  were  closely  stoppered  with  rubber  stoppers, 
which  enclosed  about  40  cc.  of  air  above  the  level  of  the  solu- 
tion. They  were  shaken  daily,  and  allowed  to  stand  for  a 
month. 

At  the  end  of  the  month  the  solutions  were  filtered  oflT,  the 
residue  washed,  drijed  and  weighed,  and  both  were  analyzed. 
The  results  obtained  were  as  follows : — 

1.  Copper  Sulphate  and  Sulphur  Dioxide  Oa^. — The  loss  in 
weight  of  the  copper-iron  sulphide  was  4.6  per  cent.  The  com- 
position of  the  enriched  sulphide  was : — Fe,  26.86  per  cent.,  a 
loss  of  0.38  per  cent. ;  and  Cu,  38.90  per  cent,  a  gain  of  1.28 
per  cent.  The  composition  of  the  solution  was : — Fe,  3.43  mg. 
per  cc,  a  gain  of  3.43;  Cu,  3.38  mg.  per  cc,  a  loss  of  0.22; 
and  SOs,  9.91,  a  gain  of  6.38  mg.  per  cc 

The  enriched  sulphide  was  dark  green  in  color;  during  the 
month  it  had  been  successively  bronzy,  purple  and  dark  steely 
blue.     A  few  brassy  grains  could  be  seen. 

2.  Copper  Sulphate  Alone. — The  composition  of  enriched  sul- 
phide was : — Fe,  27.30  per  cent,  a  gain  of  0.06  per  cent. ;  and 
Cu,  33.77  per  cent,  a  gain  of  1.15  per  cent.  The  composition 
of  the  solution  was : — Fe,  0.1  mg.  per  cc,  a  gain  of  0.1 ;  Cu, 
3.25  mg.  per  cc,  a  loss  of  0.85 ;  and  SO,,  5.1  mg.  per  cc,  a  gain 
of  0.57. 

The  color  of  the  sulphide  had  not  appreciably  changed. 

3.  Water  and  Sxdphur  Dioxide, — The  loss  in  weight  of  the 
copper-iron  sulphide  was  5.04  per  cent.  The  composition  of 
enriched  sulphide  was  ; — Fe,  26.95  per  cent,  a  loss  of  0,29  per 
cent ;  and  Cu,  34.06  per  cent,  a  gain  of  1.44  per  cent.  The 
composition  of  the  solution  was : — ^Fe,  2.67  mg.  per  cc,  a  gain 
of  2.67;  Cu,  0.06  mg.  per  cc,  a  gain  of  0.06;  SO,,  3.81  mg. 
per  cc,  a  gain  of  3.81. 

The  sulphide  was  a  lustrous  blue,  almost  exactly  like  covel- 
lite,  although  scattered  purple  and  brassy  grains  could  be  de- 
tected. 

4.  Calcium  Bicarbonate. — The  calcium  bicarbonate  solution 
was  prepared  by  treating  the  dust  of  a  very  pure  marble  with 
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ordinary  carbonated  or  "  vichy  *'  water,  filtering,  and  adding 
carbonated  water  until  the  cloudiness  disappeared.  The  strength 
of  the  solution  so  prepared  was  0.15  mg.  of  CaO  per  cc.  The 
copper-iron  sulphide  showed  a  loss  in  weight  of  0.1  per  cent. 
It  had  not  changed  appreciably  in  appearance.  The  solution 
contained  0.36  mg.  of  SO,  per  cc.  and  very  small  amounts  of 
iron  and  copper;  but,  unfortunately,  it  was  not  possible  to 
make  their  determination  until  after  some  CO,  had  escaped, 
causing  a  precipitation  of  CaCO,  and  a  consequent  alteration 
of  the  composition  of  the  solution. 

The  solid  residue  effervesced  slightly  with  hydrochloric  acid, 
showing  a  partial  change  to  carbonates.  It  was  plain  that,  to 
some  extent,  the  calcium  bicarbonate  had  formed  calcium  sul- 
phate and  carbonates  of  iron  and  copper. 

In  considering  the  foregoing  results,  the  most  important 
point  of  interest  is  that  the  solution  containing  SO,  alone  had 
attacked  the  copper-iron  sulphide,  with  the  resultant  formation 
of  FeSO*,  the  amount  of  CuSO*  formed  being  very  small,  in- 
deed. There  is  no  free  sulphuric  acid  present.  Whether  the 
sulphide  acts  as  a  catalyzer,  oxidizing  the  sulphurous  to  sul- 
phuric acid,  which  immediately  reacts  with  the  sulphide,  or 
whether  the  sulphurous  acid  attacks  the  sulphide  forming  sul- 
phites, which  are  then  oxidized  to  sulphates  by  the  dissolved 
air,  is  not  evident.  The  important  fact  is  clear,  however,  that 
waters,  containing  80^  and  O,  will  attack  copper-iron  sulphides, 
abstracting  the  iron  and  removing  it  in  the  form  of  FeSO^,  the 
enrichment  of  the  sulphide  being  due  to  the  removal  of  its 
iron. 

In  the  case  in  which  CUSO4  and  SO,  were  used,  a  similar 
action  had  taken  place,  but  the  removal  of  the  iron  and  pro- 
duction of  FeS04  had  been  greater.  The  solution  also  showed 
a  loss  in  copper,  so  that,  evidently,  the  CUSO4  had  reacted  with 
the  copper-iron  sulphide,  exchanging  its  copper  for  the  iron  of 
the  sulphide. 

In  the  case  of  the  CuSO^  alone,  copper  was  removed  from 
the  solution  and  the  copper-iron  sulphide  was  enriched  in  cop- 
per. But  there  was  very  little  FeS04  produced,  the  action  ap- 
parently being  a  reduction  of  the  CUSO4  by  the  sulphide  and 
the  production  of  free  sulphuric  acid.  Why  the  free  sulphuric 
acid  does  not  attack  the  sulphide  is  puzzling,  and  how,  under 
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the  circumstances^  there  could  be  a  gain  in  the  SO,  is  no  less  so. 
The  difficulty  of  obtaining  a  uniform  mixture  of  this  coarsely 
crushed  material  was  great. 

In  the  case  of  the  calcium  bicarbonate  solution  the  action 
was  very  slight. 

An  important  factor  in  the  enrichment  of  copper-iron  sul- 
phides is  the  removal  of  the  iron,  either  in  solution  as  sulphate 
or  by  simple  oxidation.  This  is  also  seen  by  a  study  of  the 
veins  themselves.  Weed"®  mentions  that,  at  Gold  Hill,  N.  C, 
the  oxidized  ore  is  bordered  by  massive  copper-glance,  and,  in 
numerous  other  localities,  this  phenomenon  is  less  clearly 
shown.  Very  similar  is  the  action  of  kernel-roasting  of  low- 
grade  copper-iron  sulphides,  when,  by  oxidation  of  the  iron, 
an  enriched  core  is  produced,  resulting,  finally,  in  the  produc- 
tion of  a  button  of  metal,  i.e.y  copper,  at  the  center,  if  the  action 
is  pushed  to  its  limit.  The  oxidizing  action  being  slow,  the 
copper  retreats  toward  the  center  as  the  iron  is  oxidized.  Just 
how  this  is  accomplished  is  not  known,  but  it  seems  to  be  a 
slow  molecular  flow,  which,  like  the  formation  of  concretions, 
is  not  yet  clearly  understood. 

The  most  important  feature  of  the  foregoing  is  the  demon- 
stration that  it  is  unnecessary  to  provide  an  hypothesis  to  ex- 
plain the  reduction  of  copper  from  bivalency  to  monovalency, 
during  the  process  of  enrichment.  The  auto-reduction  of  the 
copper  by  the  successive  removal  of  the  iron  and  sulphur  by 
oxidation  is  quite  similar  to  that  which  takes  place  in  the  con- 
verting of  a  low-grade  matte.  Indeed,  Cu^S,  compared  with 
Cu,S„  is  a  partly  oxidized  salt,  for  the  latter  will  require  twice 
as  much  oxygen  as  the  former,  in  order  to  form  metallic  cop- 
per. It  is  clear,  then,  that  oxidation  alone  is  sufficient  to  pro- 
duce the  enriched  sulphides  occurring  in  the  zone  of  secondary 
enrichment.  That  the  removal  of  the  iron  and  sulphur  has 
usually  sufficed  for  this  enrichment,  is  not  to  be  believed,  since 
the  diminution  of  volume  must  then  produce  very  porous  ore- 
bodies.  That  the  retreat  of  the  copper  before  the  advance  of 
the  oxidizing  zone  can  carry  it  to  any  great  distance  has  yet  to 
be  demonstrated.  Probably  removal  by  simple  oxidation  and 
reaction  with  descending  sulphates  have  both  operated,  perhaps 

^°  BvUetin  of  the  Otohgieal  Society  of  America^  vol.  ii.,  p.  191. 
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simultaneously.  It  cannot  be  doubted  that  the  processes  and 
actions  involved  in  the  production  of  such  ore-bodies  have  not 
only  varied  somewhat  in  different  regions,  but  also  in  each  in- 
dividual case,  since  the  conditions  change  from  time  to  time. 
The  degree  of  concentration  of  the  solution,  the  potent  influ- 
ence of  very  small  quantities  of  dissolved  salts  in  affecting 
the  action  of  other  salts  in  the  same  solution,  the  effect  of 
mass; — all  these  complicate  the  problem. 

Excluding  the  ore-deposits  of  igneous  origin,  in  the  present 
state  of  our  knowledge  it  seems  clear  that  ore-bodies  have  been 
formed  by  the  slow  action  of  dilute  solutions.  In  some  cases, 
these  dilute  solutions  have  been  the  waters  escaping  from  the 
solidification  of  igneous  intrusives.  In  others,  vadose  waters 
have  removed  the  scattered  metallic  contents  of  the  rocks,  only 
to  concentrate  them  in  a  vein.  Finally,  descending  waters  may 
remove  the  metallic  contents  of  the  upper  part  of  an  ore-de- 
posit, concentrating  them  at  lower  levels.  The  infinitude  of 
possible  varieties  of  products  and  reactions  has  contributed  to 
make  the  study  of  ore-deposits  a  puzzling  one  indeed,  and  the 
greatest  credit  is  due  to  the  economic  geologists  and  mining 
engineers  who,  by  their  keen  observation  and  sagacious  in- 
ference, have  contributed  so  much  to  the  elucidation  of  this 
subject. 
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The  Relative  Merits  of  Large  and  Small  Drilling-Machines 
in  Development  Work. 

BY  FREDERICK    T.   WILLIAMS,   E.M.,  VICTOR,   COLO. 

(Bethlehem  Meeting,  February,  1906.) 

The  purpose  of  this  paper  is  to  discuss  the  relative  merits 
of  the' large  8|-in.  machine  and  the  small  2^-in.  tappett  ma- 
chine in  driving  development-headings;  and  although  the 
data  here  presented  were  obtained  from  cross-cut  headings 
alone,  experience  has  shown  that  the  results  are  equally  true  in 
drifting,  raising  and  winzing. 

Recently  we  drove  two  parallel  cross-cuts  through  the  same 
formation,  using  a  8|-in.  machine  at  the  breast  of  one  cross- 
cut, and  a  2^-in.  machine  of  the  same  make  at  the  breast  of 
the  other.  The  results  of  this  work  afforded  an  ideal  compari- 
son, since  m  both  cases  the  headings  were  advanced  through 
rock  practically  of  the  same  hardness  and  breaking-properties ; 
the  amount  of  sludging  was  equal,  and  there  was  no  difference 
in  the  condition  of  the  steel  or  the  machines,  in  the  air-pressure 
or  in  the  experience  of  the  operating-crews. 

Some  operators  in  the  Cripple  Creek  district  contend  that 
there  is  ground  which  cannot  be  handled  with  the  small  ma- 
chine, the  holes  being  too  small  to  contain  enough  powder  to 
pull  the  ground,  etc. .  The  results  obtained  in  working  the 
property  of  the  Portland  Gold  Mining  Co.,  however,  show  that 
the  ground  worked  by  them  does  not  fall  in  this  class.  During 
a  period  of  two  years  there  have  been  driven,  with  the  small 
machine,  4  miles  and  808  ft.  of  development^headings,  through 
a  diversity  of  ground,  including  Pike's  Peak  granite  (a  coarsely 
porphyritic  type  of  granite),  highly  indurated,  andesitic  or  pho- 
nolytic  breccia,  true  massive  andesite,  trachytic  phonolyte,  tuffas, 
and  along  dikes  of  decomposed  basalt  and  hard  phonolyte ;  in 
every  instance  a  satisfactory  record  wa«  made. 

The  headings  here  described  were  driven  through  highly  in- 
durated, andesitic  breccia,  having  a  hardness  of  from  5.2  to  7.2 
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and  a  sp.  gr.  of  from  2.2  to  2.8.  The  action  of  the  breccia 
under  the  drill  was  not  materially  diiferent  from  that  of  ordi- 
nary red  granite.  The  breccia  was  not  as  free-drilling  as  gran- 
ite, and  sludge  accumulated  very  rapidly  after  a  shallow  depth 
of  hole  has  been  gained,  but  it  broke  better  than  granite. 

Aside  from  the  usual  work  of  setting-up,  drilling,  and  load- 
ing, the  machine-men  or  helpers  mucked  back,  cleaning  the 
floor  S  or  4  ft.  back  from  the  breast  of  muck  in  order  to  posi- 
tion the  column  properly.  If  the  "  lifters  "  acted  properly  at 
the  previous  firing,  the  muck  was  fairly-well  thrown  back  from 
the  breast ;  but  if  either  missed  fire  or  were  exploded  before 
the  other  holes,  considerable  muck  was  left  at  the  breast  which 
required  much  additional  labor.  The  usual  time  needed  to 
muck  back  was  1.25  hr.,  but  this  varied  considerably.  Flat 
steel,  48  by  96  by  f-in.  sheets,  were  used,  from  which  to  shovel 
the  material.  These  sheets  were  placed  in  position  3  or  4  ft. 
back  from  the  breast  by  the  trammer  just  before  going  off 
shift.  The  ground  broke  fine  enough  to  require  little  or  no 
sledging.  A  cubic  foot  of  breccia  in  place  will  average  154  lb. 
in  weight  as  compared  with  90  lb.  on  the  muck-pile,  giving  an 
average  of  42  per  cent,  of  void  space.  All  the  waste  was 
trammed  to  the  shaft,  800  ft.  distant,  and  hoisted  to  the  surface. 
No  timber  was  used  in  either  heading. 

The  following  interesting  summary  of  the  results  obtained 
by  using  both  large  and  small  machines  has  been  prepared 
from  the  data  given  in  Tables  I.  and  11.  Labor  is  the  largest 
individual  item.  The  wages  of  machine-men  was  (4  per  shift., 
and  the  addition  of  the  items  given  under  the  several  heads 
of  Table  I.  shows  the  total  cost  of  labor  performed  in  each 
heading.  The  cost  of  operating  the  machines  per  shift  was 
f3.70  for  the  large  machine  and  (1.85  for  the  small  machine; 
these  figures,  which  vary  from  month  to  month,  include  the 
cost  of  everything  connected  with  the  operation  of  the  ma- 
chines: engineer's  wages,  blacksmith  expense,  new  steel  re- 
pairs to  the  machines,  cost  and  repair  of  air-lines,  etc.  The 
cost  of  labor,  per  foot  driven,  by  the  large  machine  was  f  3.45, 
and  by  the  small  machine  (2.56. 

The  cost  of  explosives,  a  detailed  report  of  which  is  given 
in  Table  11.,  shows  that  the  40-per  cent,  dynamite  costs  (0.127 
per  lb. ;  the  ftise,  (0.0085  per  ft. ;  and  the  caps,  (0.007  each. 
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These  figures,  which  include  freight,  unloading,  wages  of  the 
powder-man,  and  one-third  of  the  wages  of  the  store-keeper, 
represent  the  entire  cost  of  the  material,  as  laid  down  at  the 
station  for  the  machine-men.  All  fuse  burned  was  in  7-ft- 
lengths.  The  number  of  feet  of  fuse  burned  and  the  number 
of  caps  used,  per  foot,  are  practically  the  same,  but  the  cost  of 
dynamite  is  f 0.78  less,  per  foot,  in  the  heading  driven  by  the 
small  machine  than  in  that  of  the  large  machine. 

Table  II. — Explosives — Detailed  Beport  of  the  Portland  Gold 
Mining  Co,  for  20  days  Ending  Oct,  16,  1908. 


Liarge  machine  (3}'^^). 
Cross-cut  (5.5'  x  7.50- 

5  day  run 

8  day  run 

7  day  run 

Averages -and  totals. 


Lb:  of 
Powder. 

Lb.  of 
Powder 
per  Foot 
Driven. 

Teetof 
Fuse. 

491 
669 
544 

17.23 
14.39 
15.32 

872 

1,179 

804 

1,704 

15.40 

2,855 

Feet  of 
Fuse  per 

Foot 
Driven. 

Number 
of  Cape. 

Number 
of  Caps 
per  Foot 
driven. 

1 

30.59         116 
26.86         168 
22.65          134 

4.07 
3.39 
3.77 

25.80 

408 

3.69 

Small  machine  (2}^'). 
Cross-cut  (3.5'  x  7'). 

5  day  run 

8  day  run 

7  day  run 

Averages  and  totals. 


264 
378 
262 

11.00 
9.45 

7.82 

672 

1,129 

742 

i 

28.00 
28.22 
2:.15 

904 

9.27 

2,543 

26.08 

96 
151 
120 


367 


4.00 
3.77 
3.58 

T76 


The  best  record  for  a  shift's  run,  made  by  the  large  machine, 
was  4.08  ft.,  as  compared  with  2.96  ft.  for  the  small  machine. 
In  drilling  these  rounds  it  was  found  that  the  large  machine 
had  made  3109.56  cu.  in.  of  hole,  and  the  small  machine 
971.10  cu.  in.  Comparing  these  figures  with  the  cubic  feet  of 
ground  pulled,  1  cu.  in.  of  hole  drilled  by  the  large  machine 
broke  0.053  cu.  ft.  of  breast,  while  the  small  machine  gave 
0.097  cu.  ft.  This  comparison  shows  that  too  much  work  was 
done  by  the  big  machine  on  the  breast  for  the  amount  ot 
ground  broken. 

Figs.  1  and  2  show  the  numbey  of  holes  drilled,  the  degrees 
of  pitch  from  the  horizontal,  the  depth  drilled  by  the  starters, 
seconds  and  thirds,  fi^nd  the  order  of  firing.  The  cost  of  coal 
before  the  boilers  was  $4.40  per  ton.    Ordinary  cross  or  square 
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FRONT  ELEVATION  SIDE  Ei.EVATION 

Fio.  1.— Holes  Drilled  in  Breast  by  Small  (2JriN.)  Machine. 


PROMT  ELEVATION  SIDE  ELEVATION 

Fig.  2. —Holes  Drilled  in  Breast  by  Large  (3J-in.  )  Machine. 

bits  were  used,  and  all  the  steel  was  sharpened  by  machine.    At 
each  sharpening  the  steel  lost  from  J  to  f  in.  in  length.     The 
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general  tramming-coBt  includes  repairs  to  tram-cars,  tram- 
tracks  and  the  greasing  of  the  cars. 

The  cost  of  pipe  and  track  is  figured  at  f 0.41  per  ft.,  the 
2-in.  pipe  costing,  with  connections,  (0.10  per  ft.,  the  track, 
together  with  the  spikes,  plates  and  ties,  costing  fO.81  per  ft 
Lumber  costs  f  20  per  thousand  feet. 

Hoisting  cost  f 0.2 48  per  ton,  which  includes  all  accounts 
that  can  be  charged  to  the  maintenance  of  the  hoisting-en- 
gines;— such  as  wages  of  the  engineers,  wipers,  top-men  and 
cagers,  repairs,  cost  of  steam,  cables  and  repairs  to  shaft.  The 
hoist  used  is  a  500-h.p.  Webster,  Camp  &  Lane,  first-motion 
hoist,  size  20  by  48  in.,  having  a  capacity  for  a  maximum  depth 
of  2,500  ft.,  using  5  by  f  in.  rope  to  hoist  an  unbalanced  load 
of  8,000  lb.  at  an  average  speed  of  1,500  ft.  per  min. 

To  supplies  is  charged  the  cost  of  picks  and  shovels.  To 
general  expense  is  charged  the  wages  of  foremen  and  shift 
bosses,  assaying  and  surveying,  pumping,  lighting,  including 
candles,  office  eiepense  and  general  repairs  on  the  surface. 

The  air  was  fiJrnished  by  a  50-drill,  cross-compound,  Inger- 
soU-Sargent  compressor,  having  steam-cylinders  24  by  44  by 
48  in.,  and  air-cylinders  22 J  by  38 J  by  48  in.  The  air-pressure 
at  the  receiver  was  100  lb.,  and  at  the  drills  85  lb.  per  sq.  in. 

The  bore  of  the  large  machine  cross-cut  is  5.5  by  7.5  ft.,  that 
of  the  small  machine  is  4.5  by  7  ft. ;  it  is  held  that  the  increase 
of  1  ft.  in  width  and  0.5  ft.  in  height  of  the  large  machine 
cross-cut  over  that  of  the  small  machine  cross-cut  does  not 
facilitate  mining-operations  in  any  way. 

The  merits  of  the  work  done  by  the  two  machines  may  be 
briefiy  stated  thus : — The  use  of  the  small  machine  saves  25 
per  cent,  of  the  cost  of  labor  necessary  to  operate  a  large  ma- 
chine foot  per  foot.  The  cost  of  operating  a  small  machine  is 
50  per  cent,  less  than  that  of  operating  a  large  machine,  shift 
for  shift.  The  general  tramming-cost  of  the  large  machine 
cross-cut  is  lessened  20  per  cent,  by  using  a  small  machine. 
The  cost  of  explosives  per  foot  driven  by  the  large  machine 
can  be  reduced  87.7  per  cent,  by  the  use  of  the  small  machine. 
The  cost  of  hoisting  and  general  expense  of  the  large  machine 
cross-cut  is  lessened  nearly  20  per  cent,  by  using  the  small 
machine. 

Greater  speed,  regardless  of  cost,  can  be  obtained  with  the 
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large  machine,  the  small  machine  being  from  10  to  20  per  cent, 
slower.  The  cost  of  the  large  machine  cross-cut  was  reduced 
27  per  cent,  by  using  the  small  machine. 

In  conclusion,  I  wish  to  acknowledge  my  indebtedness  to 
Mr.  Frank  L.  Smale,  Superintendent  of  the  Portland  prop- 
erty, for  assistance  received  in  gathering  the  data  here  pre- 
sented. 
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Comparison  of  Methods  for  the  Determination  of  Iron 
and  Phosphorus  in  Steel. 

Contmned  DisciUBion  of  the  Pap«r  of  MeMra.  von  Jonstorff,  Blair,  Dillner  and 

Stead,  presented  at  the  New  York  Meeting  of  the  Iron  and  Steel 

Institute,  October,  1904.* 

(Bethlehem  Meeting,  February,  1906.) 

Clemens  C.  Jones,  Richmond,  Va.  (communication  to  the 
Secretary t) : — ^In  the  chapter  of  this  paper  entitled  "  Method 
for  the  Determination  of  PhosphoruB,"  by  Andrew  A.  Blair,  a 
form  of  the  redactor  used  by  Mr.  Blair  is  illustrated.  This 
form  was  employed  by  me  in  my  earliest  experiments,  and 
abandoned  after  my  adoption  of  the  final  apparatus  described 
in  my  paper*  on  the  subject  in  1889.  The  results  reported  by 
Mr.  Blair  are  very  closely  accordant;  but  my  experience  was 
that,  in  the  use  of  this  form,  a  loss  of  the  solution,  amounting 
to  almost  a  cubic  centimeter,  was  occasioned  by  minute  bubbles 
of  hydrogen  rising  to  the  surface,  and  there  exploding.  My 
final  reductor  was  designed  to  prevent  this  loss ;  and  the  most 
satisfiictory  results  were  obtained  with  a  reductor  having  the 
open  cup  replaced  by  a  bulb-shaped  receptacle,  provided  with 
a  glass  stopper,  similar  to  that  of  a  separatory  Ainnel  of  simi- 
lar capacity,  as  suggested  in  a  foot-note  in  my  original  paper. 
In  my  experience,  the  use  of  this  later  form  of  reductor  re- 
peatedly gave  duplicate  results  which  were  coincident  to  the 
fourth  decimal  place. 

R.  W.  Ratmond,  New  York,  N.  T. :— The  remarks  of  Mr, 
Jones  recall  to  my  mind  an  interesting  part  of  the  history  of 
the  Institute,  and  of  its  relation  to  modern  progress  in  the  de« 
partment  covered  by  this  interesting  and  valuable  paper.    In 

*  Published,  by  mutual  agreement  between  the  Councils  of  the  two  Institutes, 
in  the  Bt-Manihly  BuIUtm  of  this  Institute  for  March,  1905,  but  not  in  the  annual 
T^lome  of  the  JVaM$aetum$.  See,  also,  in  the  Bi'M&nthkf  BuUetm  for  May,  1906, 
a  discussion  by  B.  Hamilton  and  others. 

t  Beoeiyed  February  6,  1906. 

^  Trant,,  xYii.,  413. 
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m  J  Biographical  Notice  of  the  late  Thomas  M.  Drown,*  I  have 
emphasized  his  leadership,  and  his  powerful  influence,  through 
personal  investigations  and  publications,  and  through  the  in- 
spiring example  and  guidance  given  to  his  pupils,  in  promoting 
the  employment  of  chemists  by  manutiEtcturers,  and  (as  a  means 
to  that  end)  in  perfecting  the  methods  and  apparatus  for  simple, 
rapid  and  accurate  commercial  analyses.  The  volumes  of  our 
Transactions^  in  their  "  Symposiums  '*  and  other  comparisons 
and  discussions  of  analytical  laboratory-methods,  bear  witness 
to  the  profoundly  important  and  extensive  results  of  the  move- 
ment in  which  he  took  so  influential  a  part;  and  in  no  other 
field  is  this  more  impressively  shown  than  in  that  of  the  chemi- 
cal analysis  of  iron-ore,  iron  and  steel. 

In  1878,  Dr.  Drown  published  a  paper*  on  the  uses  of  pul- 
verized zinc  as  a  precipitant  in  the  laboratory.  Like  many 
other  stimulating  suggestions  made  by  him,  this  was  taken  up 
in  practice  by  his  pupils  and  others,  who  were  at  that  time  be- 
ginning to  be  employed  at  manufitcturing  establishments  pre- 
viously accustomed  to  "  get  along "  without  chemical  labora- 
tories of  their  own.  One  of  the  earliest  companies  to  adopt 
this  policy  was  the  Thomas  Iron  Co.,  which  set  up  a  laborar 
tory  at  Hokendauqua,  Pa.,  and  employed  as  chemist  Mr. 
Clemens  C.  Jones.  Mr.  Jones  soon  made  himself  known  by 
novel  and  ingenious  investigations  and  experiments,  of  which, 
for  my  present  purpose,  I  need  mention  only  two,  which  are 
recorded  in  our  Transactions. 

At  the  New  York  meeting  of  the  Institute,  in  February, 
1889,  Mr.  Jones  presented  his  paper  on  "  A  Rapid  Method  for 
the  Reduction  of  Ferric  Sulphate  in  Volumetric  Analysis,"  in 
which  a  new  method  of  employing  pulverized  zinc  as  a  pre- 
cipitant was  described  and  illustrated.  It  goes  without  saying 
that  Drown's  suggestion,  made  eleven  years  earlier,  had  not 
passed  through  that  period  without  attention.  Indeed,  at  a 
meeting  of  the  Chemical  Society  at  London,  April  6,  1888,  a 
paper  was  read  by  Mr.  D.  J.  Carnegie  on  "The  Action  of 
Finely-Divided   Metals  on   Solutions  of  Ferric  Salts,  and  a 

s  BirM(mUdy  BvlUtin  for  July,  1906,  p.  869,  and  p.  288  of  Vol.  XXXVL  of 
the  Tranta/ctioni^  now  in  press. 
»  Tram.^  ▼!.,  608. 
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Rapid  Method  for  the  Titration  of  the  Latter."*  In  the  discus- 
sion of  this  paper,  the  author  acknowledged  that  the  use  of 
powdered  zinc  had  been  suggested  "some  years  ago"  by 
Drown.  (The  Chemical  News  printed  it  Brown — such  is  earthly 
fame !) 

But  neither  Dr.  Drown  nor  Mr.  Carnegie  nor  anybody  else, 
BO  far  as  I  can  find  out,  proposed  the  one  thing  required  to  re- 
move the  practical  objections  to  this  use  of  zinc.  The  latest 
practice,  as  set  forth  by  Carnegie,  was  to  put  zinc-dust  into  the 
solution  under  treatment,  and  *' shake"  it.  In  the  following 
year,  Mr.  Jones  not  only  proved  experimentally,  but  designed 
an  apparatus  for  utilizing  in  practice,  the  fact  that  "  a  solution 
of  ferric  sulphate  is  instantaneously  and  completely  reduced 
by  filtering  through  pulverized  zinc,"*  and  thus  made  the 
method  practicable,  by  removing  certain  diflSculties  attending 
its  use,  which  I  need  not  here  pause  to  discuss,  since  they  are 
sufficiently  set  forth  in  the  publications  already  cited. 

The  apparatus  designed  by  Mr.  Jones  for  this  operation  he 
called  a  "  reductor."  I  have  always  understood  that  the  name, 
as  well  as  the  thing,  originated  with  him ;  and  I  remember 
that  Dr.  Drown  agreed  with  me  in  regarding  it  as  a  most  im- 
portant contribution  to  practice  in  the  rapid  and  accurate 
analysis  of  iron-ore,  iron  and  steel.  In  his  contribution  to  the 
present  discussion,  Mr.  Jones  has  given  reasons  for  his  opinion 
that  the  form  of  reductor  used  by  Mr.  Blair  is  inferior  to  the 
form  which  he  himself  finally  preferred,  after  trying  both. 
But  he  has  modestly  refrained  from  asserting  his  claim  as  the 
originator  of  this  apparatus,  and  of  its  use  in  the  laboratory. 
In  a  subsequent  paper,^  Mr.  Jones  pointed  out  that  the  method 
and  apparatus  introduced  by  him  for  reducing  ferric  solution, 
with  the  aid  of  his  reductor,  applied  "  in  all  respects  equally 
well  to  the  complete  and  instantaneous  reduction  of  molybdic 
acid." 

The  later  paper  of  Mr.  Jones,  last  cited,  was  presented  at 
the  Washington  meeting  of  February,  1890,  under  the  title, 
"Phosphorus  in  Pig-iron,  Steel  and  Iron-Ore."  Under  that 
head  the  previously-suggested  methods  of  analysis  were  dis- 

*  ChemiMi  News,  vol.  Ivii.,  No.  1481,  April  18,  1888,  p.  148. 

*  !ZVan«.,xvii.,  413(1889). 

*  Trans.,  xviii.,  709. 
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cnaeed,  and  a  procedure  based  upon  extensive  laboratory-ex- 
periments was  recommended.  If  I  am  not  mistaken,  this 
method  is  essentially  the  one  described  in  the  paper  before  me/ 
as  adopted  by  Mr.  Blair. 

Mr.  Jones  offered  other  suggestions  in  the  line  of  laboratory- 
methods,  which,  taken  together  with  those  I  have  mentioned, 
entitle  him,  in  my  opinion,  to  recognition  among  those  acute 
investigators  and  practitioners  who  have  brought  about  a  dis- 
tinct revolution  and  reconstruction  of  modern  practice.  It  is 
to  be  regretted,  from  my  present  standpoint,  that  he  did  not 
continue  in  the  special  work  which  he  so  brilliantly  began, 
but  was  diverted  into  other  professional  and  business  fields. 

In  thus  recalling  his  early  contributions,  I  wish  to  say  that 
I  do  not  by  any  means  blame  the  authors  of  this  paper  for 
omitting  to  mention  his  name.  It  would  be  absurdly  unreason- 
able to  require,  in  an  up-to-date  treatise,  the  specific  recognition 
of  all  previous  contributions  to  the  progress  which  it  summa- 
rizes. Possibly  it  might  be  urged  that  the  <<  Jones  reductor  " 
has  as  good  a  claim  to  individuality  as  the  Erlenmeyer  flask, 
the  Griffin  beaker,  the  Liebig  bulb,  or  the  Bunsen  burner. 
But  I  have  no  desire  to  criticise,  in  such  a  treatise  as  this,  the 
mere  omission  of  a  name.  I  do  not  find  fault  with  the  omis^ 
sion  ;  I  wish  only,  in  justice  to  the  Institute  and  one  of  its  mem- 
bers, to  complete  the  record  by  supplying  the  name. 

As  Secretary  of  the  Institute,  and  Editor  of  its  Transactions 
for  22  years  past,  I  may  be  pardoned  for  some  jealousy  con- 
cerning its  fame,  as  the  channel  through  which  important  dis- 
coveries and  improvements,  in  the  numerous  branches  of  sci- 
ence and  practice  represented  by  its  membership,  have  been 
first  made  known.  This  feeling  is  my  excuse  for  the  foregoing 
remarks. 
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The  Constitution  of  Mattes  Produced  in  Copper- 
Smelting. 

A  Diflcossion  of  the  Paper  by  Allan  Gibb  and  B.  C.  Philp,  read  at  the  Lake 

Superior  Meeting,  September,  1904,  and  pablished  in  BirMorMy 

BtUletiny  No.  6,  November,  1905,  pp.  1198  to  1210. 

Edward  Kbllbr,  Baltimore,  Md.  (communication  to  the  Sec- 
retary*) : — The  authors  of  this  paper  are  to  be  commended  for 
their  industry  and  congratulated  upon  the  many  interesting  re- 
sults which  were  the  fruit  of  their  researches.  While  thorough- 
ness has  marked  their  work  in  general,  yet  on  a  few  points  in 
particular  they  have  touched  but  lightly,  for  which  reason,  it 
would  appear  to  me,  they  have  hit  wide  of  the  mark  in  their 
respective  conclusions. 

The  work  alluded  to  pertains  chiefly  to  the  occurrence  of 
magnetic  iron  oxide  (ferroso-ferric  oxide)  in  copper-mattes. 
Because  the  authors  find  that  the  magnetic  residue,  left  by  the 
dissolved  sulphides,  varies  largely  in  quantity  according  to  the 
strength  of  nitric  acid  used  (with  potassium  chlorate)  in  dis- 
solving the  mattes,  they  conclude  : — 

''It  appears  that  the  ferroeo-ferric  oxide  is  the  result  of  precipitation  by  the 
oxidizing  agent,  rather  than  an  original  constituent  of  the  matte." 

In  this  part  of  their  investigation,  Messrs.  Gibb  and  Philp 
have  ignored  some  well-established  data.  In  the  first  place, 
they  have  overlooked  the  fact  that  there  are  mattes  which  are 
strongly  magnetic  and  others  which  scarcely  show  any  mag- 
netic property.  There  is  nothing  in  their  work  tending  to  ex- 
plain this  variation.  They  seem  to  have  tested  none  of  their 
products  for  magnetism.  Secondly,  they  have  overlooked  the 
fact  that  magnetic  iron  oxide  probably  exists  in  all  ore-charges 
in  the  copper-matting  furnaces,  and,  under  the  given  condi- 
tions, that  this  oxide  is  very  difiicult  to  reduce  and  to  combine 
with  silica  to  form  slag.  Thirdly,  they  pay  no  attention  to  the 
varying  specific  gravity  of  the  several  grades  of  copper-matte, 

*  Received  February  7,  1906. 
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which  may  exceed,  equal,  or  fall  below  that  of  the  magnetic 
oxide.  These  are  essential  points  which,  I  believe,  clearly  in- 
dicate the  great  probability  that  magnetic  oxide  must  enter 
into  such  mattes  as  have  an  equal  or  a  lower  specific  gravity 
than  its  own.  I  have  corroborated  this  conclusion  by  analyti- 
cal results,  having  found  low-grade  mattes,  from  reverberatory 
furnaces,  to  be  strongly  magnetic  and  to  contain  a  considerable 
percentage  of  magnetic  oxide,  while  high-grade  mattes  of  the 
same  origin  were  non-magnetic  and  showed  very  little  mag- 
netic oxide; — the  latter,  in  such  cases,  remaining  with  the 
slags.  Low-grade  mattes  which  are  non-magnetic  yield  no 
magnetic  oxide,  for  which  no  reason  is  given  by  the  authors' 
theories. 

The  conclusion  of  Messrs.  Gibb  and  Philp,  that  ferroso-ferric 
oxide  is  formed  from  iron  proto-sulphide  by  the  oxidation  with 
strongest  nitric  acid  and  potassium  chlorate,  is  not  only  very 
much  against  " das  chemische  Gefiihly^  but  also  contrary  to  all 
chemical  precedent.  These  reagents  convert  many  metals  into 
their  peroxides,  and  it  seems  incredible  that  the  readily  oxidiz- 
able  iron  protoxide  could  pass  through  their  solution  unoxi- 
dized,  and  be  precipitated  as  a  crystalline  ferrous  compound, 
at  what  might  be  called  ordinary  temperature. 

While  I  agree  with  the  authors  that  magnetic  oxide  prob- 
ably plays  no  part  in  the  chemical  constitution  of  the  mattes 
(i.6.,  the  sulphides),  yet  I  know  of  no  data  to  prove  that  the 
oxide  was  not  dissolved  in  the  sulphides  in  their  molten  state 
and  segregated  upon  their  solidification.  Be  that  as  it  may, 
the  authors'  statement  that  the  magnetic  oxide  derived  as  a 
residue  from  mattes  shows  different  solubility  in  acids  from 
that  of  other  forms  of  magnetic  oxide  produced  at  high  tem- 
perature, may  be  more  rationally  explained  by  the  assumption 
that  they  differ  in  character  of  molecular  aggregation,  than  by 
the  assumption  that  one  of  them  is  precipitated  by  liquid  oxi- 
dizing agents. 

What  the  authors  have  established  regarding  the  condition 
of  excessive  iron  in  mattes  is  most  interesting.  They  show 
that  it  is  not  present  in  chemical  combination  with  its  proto- 
sulphide,  or  in  any  visible  form  as  metallic  iron,  but  that  the 
iron  proto-sulphide  is  capable  of  retaining  the  metal  in  solid 
solution  to  the  extent  of  24  per  cent.     It  would  be  valuable  to 
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know  if  this  solution  of  sulphide  and  metal  is  magnetic.  I 
have  found  mattes  with  excessive  iron  to  be  non-magnetic. 
The  discovery  of  the  state  of  solid  solution  may,  in  a  way,  ex- 
plain the  absence  of  the  magnetic  property  of  the  metal.  The 
condition  of  solid  solution  implies  that  the  iron  is  not  in  the 
ordinary  crystalline  form,  but  rather  in  an  allotropic,  amorph- 
ous modification. 
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ITRAN8ACTION8  OP  THE  AMERICAN  INSTITUTE  OP  MINING  ENGINEERS.] 

Bibliography  of  Coal-Washing. 

BY  SAMUEL    S.   WTER,   COLUMBUS,   OHIO. 
(Bethlehem  Meeting,  Pebniary,  1906.) 

The  following  abbreviations  have  been  used  in  the  text : — 

Am,  Mf.  and  Iron  World.     American  Manufacturer  and  Iron 
World,  Pittsburg,  Pa. 

Can.  Min.  Rev,     Canadian  Mining  Review,  Ottawa,  Can. 

Cass,  Mag.     Cassier^s  Magazine,  New  York,  N".  Y. 

Col,  Eng,     Colliery  Engineer,  London,  Eng. 

Col.  Guard,     Colliery  Guardian,  London,  Eng. 
•   Eng.  and  Min,  Jour.     Engineering  and  Mining  Journal,  New 
York,KY. 

Eng.  News.     Engineering  News,  New  York,  N.  Y. 

Engr,     Engineering,  London,  Eng. 

J.  I.  and  S,  I.     Journal  of  the  Iron  and  Steel  Institute,  Lon- 
don, Eng. 

Jour.   W.  Soc.  of  Engrs.     Journal  Western  Society  of  Engi- 
neers, Chicago,  111. 

Lond.  Eng.     The  Engineer,  London,  Eng. 

Mines  and  Min.     Mines  and  Minerals,  Scran  ton.  Pa. 

North  of  Eng.  I.  M.  E.     North  of  England  Institute  of  Mining 
Engineers,  Newcastle-on-Tyne,  England. 

Oester.  Zeitsch  f.  Berg  u.  Hut.     Oesterreichzsche  Zeitschrift  fiir 
Berg,  und  Huttenwesen,  Vienna,  Austria. 

Pract,  Engr.     Practical  Engineer,  London,  Eng. 

Proc.  I.  C.  E.     Proceedings  Institution  of  Civil  Engineers,  Lon- 
don, Eng. 

Trans.  A.  I.  M.  E.     Transactions  American  Institute  of  Mining 
Engineers,  New  York,  N.  Y. 

IVans.  A.  S.  M.  E.     Transactions  American  Society  Mechani- 
cal Engineers,  New  York,  N.  Y. 

Trans.  Fed.  I.  M.  E.     Transactions  Federated  Institute  Mining 
Engineers,  Newcastle-on-Tyne,  England. 

Trans.  I.   M,  E.     Transactions  Institute  Mining  Engineers, 
Newcastle-on-Tyne,  England. 
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1861. 
Annalea  des  Mines,  vol.  20,  p.  379  and  535.     Discuflsion  of  the  theory  of  falling 
bodies  in  still  water. 

1867. 

Btdletin  de  la  SoeieU  de  V  Industrie  mineTole,  Ist  series,  vol.  3,  p.  499.  DescriptioQ 
and  discussion  of  French  type  of  coal-washer. 

1868. 
Proc  L  C.  E,,  YoL  17,  p.  213.    Brief  description  of  coal-washer. 

1860. 
Muspratty  Chemistry  as  Applied  to  Arts  and  Manvfaetures,  vol.  2.,  p.  94.   Discos- 
sion  and  description  of  coal-washing  machines. 

1862. 
North  of  Eng.  I.  M,  E,y  vol.  12,  p.  38.     Brief  reference  to  coke  made  from 
washed  coal. 

1865. 

North  of  Eng,  L  M,  E.,  vol.  16,  p.  61.  Brief  discussion  of  a  simple  coal- 
washing  plant. 

1868. 

Eohn,  Iron  and  Steel  Manvfadurey  p.  2  and  3,  28,  29  and  30.  Beferences  to 
washed  coal. 

1869. 

Van  Nostrand^s  Magazine,  vol.  1.,  p.  280.  Brief  mention  of  coal- washing  in- 
dustry in  France. 

1870. 

Crookes  and  Bohrig,  Treatise  on  Metaihtrgy,  p.  457.  De^scription  and  illustra- 
tions of  several  early  types  of  coal-washers. 

Van  Nostrand^s  Magazine,  vol  2,  p.  337.  Elaborate  description  of  coal-washing 
machinery.  Discusses  impurities  in  coal,  advantages  of  washing,  sizing,  principle 
of  coal-washing,  various  types  of  machines  and  the  drying  of  the  coal. 

1872. 
F.  C.  Danvers,  Coal  Economy,  p.  92.     Monograph  on  coal-washing. 

1873. 
Trans,  A,  I.  if.  E.,  vol.  1,  p.  223.    Brief  mention  of  value  of  washed  coal. 

1874. 
Proc,  I,  C  E,,  vol.  40,  p.  323.     Abstract  of  article  describing  a  machine  for 
simultaneously  washing  and  sorting  coal. 

Spon*8  Dictionary  of  Engineering,  vol.  1,  p.  979.  Illustration  and  description  of 
coal-washing  plant. 

1876. 

Trans,  A.  L  M,  E,,  vol.  3,  p.  172.  Description  and  illustration  of  coal-washing 
plant,  with  summary  of  results. 

1876. 

Eng,  News.,  July  16,  vol.  3,  p.  228.  Coal- washing  in  Illinois.  Gives  descrip- 
tion, illustration  and  considerable  valuable  data. 

Mineral  Besources  West  of  the  Rocky  Mountains,  p.  434.  Discussion  of  the  action 
of  small  spheres  of  solids  in  ascending  currents  of  fluids. 
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1877. 
Knighfs  Mechanical  Dictionary,  yol.  1,  p.  579  and  681.    niustration  of  coal- 
washiDg  machines. 

BuUetin  de  la  Sod&i  de  Vlndtulrie  minerate.  Description  and  discussion  of  French 
coal-washera. 

Proc  L  C.  E.,  yol.  55,  p.  259.  Eztensiye  discussion  of  the  theory  of  coal- 
washing,  importance  of  sizing  and  description  of  seyeral  French  coal-washers. 
Gives  considerable  valuable  data. 

1879. 

J.  I,  and  S.  J.y  p.  295.     Brief  mention  of  the  field  for  coal- washers. 
North  (/  Eng,  L  M.  E,y  vol.  29,  p.  159.     Illustration  and  description  of  the 
Luhrig  coal-washing  system.     Gives  valuable  data  on  results  of  washing. 

1880. 

Davies,  MetaUtferoius  Minerals  and  Mining^  p.  857.     Discussion  of  jigging. 

J.  I.  and  &  Ly  vol.  1,  p.  210.    Brief  discussion  of  Sheppard's  coal- washer. 

J,  L  and  S.  L,  vol.  2,  p.  629.  Discussion  of  the  use  of  washed  coal  for  coking 
purposes. 

Bemi^  IndustridU,  p.  105.  Description  and  discussion  of  the  operation  of  a  new 
type  of  machine  for  washing  and  sorting  coal. 

1881. 

Iron  Age,  February  3.  Description  and  discussion  of  the  operation  of  the  Stutz 
coal-wsaher.     Gives  summary  of  results  obtained. 

Iron  AgCf  March  31.     Abstract  of  paper  on  coal-washing  machinery. 

J.  J.  and  S.  /.,  vol  1,  p.  266.     Briei  description  of  a  coal- washer. 

J.  I.  and  S.  L,  vol  2,  p.  680.  Brief  discussion  of  the  progress  of  coal-washing 
in  Belgium. 

iVoc  /.  C  E.,  vol.  64,  p.  426.     Abstract  of  article  on  the  Stutz  coal-washer. 

JVana.  A.  L  M.  R,  vol.  9,  p.  461  and  474.  Elaborate  description  and  illus- 
trations of  sizing  and  washing  machinery,  with  discussion  of  principles  involved 
and  application  of  Bittenger's  investigations. 

1882. 

Engr,,  vol.  33,  p.  518,  May  19.  Abstract  of  paper  on  coal-washing.  Gives 
summary  of  results  with  different  machines. 

Ptoc.  I.  C.  E.f  vol.  70,  p.  106.  Extensive  description  and  elaborate  drawings 
of  an  English  coal- washing  plant.     Gives  much  valuable  data. 

School  of  Mines  Quarterly  (New  York),  voL  3,  p.  218.  Discussion  of  the  value 
of  assays  for  the  control  of  coal- washing. 

1883. 
J,  L  and  S*  /.,  vol.  1,  p.  274.     Description  and  discussion  of  the  operation  of 
a  German  coal-washing  plant 

1884. 

J.  J.  and  S,  /.,  vol  2,  p.  573.     Description  of  the  **  Circulator"  coal-washer. 

J,  I,  and  S.  /.,  vol.  2,  p.  700.  Brief  reference  to  the  calcium  chloride  method 
of  separating  coal. 

2fwih  of  Eng,  L  M,  £*.,  p.  58,  abstracts.  Lengthy  abstract  of  a  French  article 
on  coal-washers,  which  gives  considerable  data. 

Trans,  A.L  M.E.,  vol.  12,  p.  497.  Description  and  illustration  of  the  Stutz 
ooal-washer. 
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1885. 
J.  Z  andS.  I.y  vol.  1,  p.  269.     Brief  description  of  a  new  coal-waahing  plant. 
Meehaniet,  November.     Brief  discussion  of  washed  coal. 
Trans,  A,  L  M.  E,y  vol.  13,  p.  341.     Experiments  on  the  separation  of  coal  bj 
means  of  a  calcium  chloride  solution. 

1886. 
Bulletin  No,  36,  U.  S.  Oeological  Survey.     Comprehensive  investigation  of  the 
subsidence  of  fine  solid  particles  in  liquids.     This  paper  is  of  unusual  value,  and 
it  gives  a  large  amount  of  data. 

1887. 

Eng.  cmd  Min,  Jour,,  vol.  44,  p.  3.  Short  article  on  coal-washing.  Gives  con- 
siderable condensed  information. 

J,  I,  and  S.  L,  vol.  2,  p.  276.  Brief  description  of  a  German  coal-washing 
plant 

North  of  Eng.  I.  M,  E,,  vol.  37,  p.  70,  abstracts.  Abstract  of  a  French  article 
describing  a  new  form  of  coal-washer. 

Stahl  und  Eisen,  vol.  7,  p.  563.     Description  of  a  German  coal-washing  plant. 

1888. 
J,  I.  and  8,  /.,  vol.  1,  p.  282.     Brief  discussion  of  the  coal-washing  industry  in 
the  United  States. 
J.  I.  and  8,  i.,  vol.  2.,  p.  225.     Description  of  two  coal-washing  plants. 

1890. 

Eng.  and  Miji.  Jour,,  vol.  50,  p.  48,  Julj  12.  Brief  description  and  discussion 
of  a  new  form  of  coal-washer. 

J.  I,  and  8.  L,  vol.  1,  p.  271.  Description  and  discussion  of  the  cleaning  and 
separation  of  coal. 

J,  I,  and  8,  Z,  vol.  1,  p.  278.     Brief  description  of  a  new  coal-washer. 

J,  L  and  8,  I, ,  vol.  2,  p.  727.    Description  of  a  modified  jig  coal-washer. 

1891. 

Engr,,  vol.  51,  p.  184,  February  13.  Description  and  elaborate  drawings  of  a 
Luhrig  coal-washing  plant  in  England.     Gives  summary  of  results  obtained. 

/.  J.  and  8.  Z.,  vol.  1,  p.  348.     Description  of  two  coal-washing  plants. 

J.  I.  and  8,  Z,  vol  2,  p.  231.  Brief  description  and  discussion  of  two  coal- 
washing  plants. 

Journal  of  the  Society  of  Chemical  Industry  (London),  vol.  10,  p.  984.  Descrip- 
tion and  discussion  of  the  Luhrig  coal-washing  system. 

Lond,  Eng,,  February  18.     Brief  reference  to  coal-washing. 

Traais,  Federated  I,  M.  E. ,  vol.  3,  p.  504.  Brief  discussion  of  the  crushing  and 
washing  of  coal. 

1892. 

Am,  Mfr,  and  Iron  World,  January  8.  Descriptions  and  illustrations  of  coal- 
washing  machinery. 

Eng,  and  Min,  Jour,,  July  2.  Illustration  and  description  of  coal- washing 
plant  in  Germany. 

Engr,,  vol.  53,  p.  132.  Illustration  and  description  of  coal-washing  plant  at 
Zollem,  Germany.     Gives  considerable  detail  data. 

J.  L  and  8.  1.,  vol.  1,  p.  387.  Brief  description  and  discussion  of  an  English 
screening  and  washing  plant 
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J.  I.  and  &  I.f  vol.  1,  p.  390.     Short  description  of  a  coal-waahing  plant  in 
Ada  Minor. 
J.  L  and  S.  /.,  yoL  2,  p.  419.     Brief  mention  of  Stutz  coal-washer. 

1893. 

Eng.  and  Min,  Jour.,  January  28.     Experiments  with  washing  coal. 

Eng.  and  Min.  Jaw,,  Fehruarj  11.  Illustration  and  description  of  Campbell 
coal-washing  plant. 

Eng.  and  Min.  Jour.^  March  26.     Illustration  and  description  of  washing  plant 

J.  I.  and  S,  Lf  vol  1,  p.  287.     Brief  description  of  several  coal- washing  plants. 

J.  I.  and  S.  L,  vol.  2,  p.  155.  Description,  with  good  illustrations,  of  a  Luhrig 
coal- washing  plant     Gives  summary  of  guarantee  and  efficiency. 

Lupton,  Mining^  p.  460.  Brief  description,  with  several  illustrations  of  jigging 
coal-washers. 

Trans.  Federated  I.  M.  E.,  vol.  6,  p.  392.  Description  and  illustration  of  the 
Luhrig  coal-washing  system.     Gives  summary  of  costs  and  profits. 

Trans.  Federated  I.  M.  E.j  vol.  7,  p.  12.  Brief  discussion  of,  ibid.,  vol.  6,  p. 
393  and  545. 

Trans.  Federaied  L  M.  JK,  vol.  7,  p.  156.  The  Baum  coal-washing  machinery. 
Gives  description  and  illustrations. 

1894. 

Eng.  and  Min.  Jour. ,  vol.  58,  p.  10,  July  7.  Abstract  of  article  on  English 
coal-washing  plant 

Eng.  and  Min.  Jiour.,  July  28.  Illustration  and  description  of  English  washing 
plant. 

J.  I.  and  S.  J.,  voL  1,  p.  510.  Brief  description  of  several  new  coal- washing 
plants. 

J,  1.  and  S.  I.  J  vol.  2,  p.  375.  Brief  mention  of  several  new  coal-washing 
plants. 

PraeL  Eng.^  vol.  9,  p.  459,  June  15.     Brief  discussion  of  coal-washing. 

Trans.  A.  1.  M.  J?.,  vol.  24,  p.  409,  918.  Comprehensive  discussion  of  the  sci- 
ence of  jigging.  Gives  tables,  diagrams,  illustrations  of  apparatus,  summary  of 
laws  and  much  valuable  data. 

Trans.  Federated  I.  M.  E,  vol.  8,  p.. 210,  387.  Historical  notes  on  early  plans 
for  coal- washing. 

1895. 

Eng.  and  Min.  Jour.,  vol.  59,  p.  84,  January  12.  Abstract  of  paper  on  theory 
and  practice  of  coal-washing. 

Oluckavfy  vol.  31,  p.  631-634,  654-656.  Detailed  description  and  excellent 
illustrations  of  a  new  German  coal-washing  plant. 

Fulton,  Treatise  on  Coke,  p.  49.  Beginning  of  elaborate  discussion  of  coal- 
washing  machinery.  Gives  description  and  illustrations  of  Trough  washer, 
Hartz  jig,  Berard's,  Stutz-Stein's,  Diescher's,  Walbum-Swenson,  Bobinson's, 
Liifarig  and  Dowlar's  washers.     Gives  summary  on  page  88. 

J.  I.  andS  /.,  vol.  1,  p.  79.     Several  references  to  the  coal-washing  industry. 

J.  I.  and  S.  I.f  vol.  2,  p.  452.     Abstracts  of  several  articles  on  coal- washing. 

Lond.  Eng.,  vol.  79,  p.  370,  May  3.  General  drawings  and  detailed  description 
of  coal-washing  plant  in  England.  Shows  arrangement  of  all  machinery  in 
detaiL 

L<md.  Eng. ,  vol.  80,  p.  560,  December  6.  General  drawings,  with  description 
of  an  English  coal-washing  plant.     Gives  summary  of  results. 
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Lvnd,  Eng,j  vol.  80,  p.  626,  December  12.    Description  and  illostration  of  the 
Francon  coal-washer. 

Itevue  Univenelle  dea  MineSf  p.  167.     Comprehensive  discussion  of  the  Francon 
coal-washer.    Gives  valuable  data. 

Trana.  A,  I.  M,  E,,  vol.  26,  p.  US.     Notes  on  a  Southern  coal-washing  plant 
Gives  extensive  summary  of  results. 

TraiiB,  Federated  I.  M,  K,  vol.  9,  p.  42.    The  Murton  coal-washer.    Gives 
illustrations,  description,  method  of  working  and  summary  of  costs. 

Tram,  Federated  I.  Jf.  K,  vol  11,  p.  55.     Elliott  coal-washing  plant    Gives 
illustrations  of  machine  and  summary  of  results  obtained. 

Trans,  Federated  I,  M.  E„  vol  11,  p.  647.     Abstract  of  article  on  the  Francon 
washer. 

1896. 

Am,  Mfr,  and  Iron  World,  May  1.    Historical  notes  on  early  plans  for  coal- 
washing. 

Am,  Mfr.  and  Iron  World,  August  7.   Description  and  illustration  of  the  Brook- 
wood  coal-washer. 

CoL  Eng,,  November.     Lecture  on  coal-washing. 

Col,  Guard,,  February  14.     Description  and  illustration  of  a  large  coal-washing 
plant 

Ool,  Ouard.,  November  6.     The  Baum  coal-washing  apparatus 

Eng,  and  Min.  Jour,,  March  28.     Description  and  illustration  of  Elliott  coal- 
washer. 

Eng,  and  Min,  Jour,,   May  23.     Brief  description  of  a  German  coal-washing 
plant 

Eng,  and  Min,  Jour.,  July  11.     Utilization  of  waste  from  coal-washer. 

Eng,  and  Min,  Jour,,  August  8.    Illustration  and  description  of  washing  plant 

Eng,  and  Min,  Jour,,  October  24.    Illustration  and  description  of  coal-washing 
plant. 

Eng.  and  Min,  Jour,,  November  28.    Illustration  and  description  of  a  wash- 
ing plant. 

Eng.  New8.,  vol.  36,   p.  395,  December  17.     Abstract  of  article  on  washing 
bituminous  coal  by  the  Liihrig  process. 

Iron  and  Ooal  Tradet^  Beview,  June  5.    The  screening  and  washing  of  coal  (serial, 
1st  part). 

Iron  and  Coal  Traded  Review,  October  2.     Discussion  of  the  benefits  of  washing 
coal. 

J,  I.  and  S.  L,  vol.  1,  p.  386.     Eeference  is  made  to  several  coal- washers  and 
plants. 

J.  J.  and  &  I,,  vol.  2,  p.  343.    Description  of  coal-washing  machinery. 

Lond.  Eng.,  p.  215,  February  28.     Brief  description  of  Elliott  washer. 

Lond,  Eng,,  vol.  82,  p.  410,  October  23.     Detailed  description  of  coal-cleaning 
machinery  at  Aberamman  colliery,  England.     Gives  many  dimensions. 

Lond,  Eng.,  vol.  82,  p.  409,  410-418,  461-470.     Elaborate  drawing  and  descrip- 
tion of  an  English  coal-washing  plant 

Proe,  1,  C.  E, ,  vol.  124,  p.  509.     Abstract  of  article  on  jigging. 

Fi^oe,  I,  C.  E.,  vol.   124,  p.  507.     Abstract  of  article  on  the  Francon  coal- 
washer.     Gives  description  and  general  data. 

School  of  Minee  Quarterltf  (New  York),  July.     Ck>al.washing  plant  for  soft  coal. 
Gives  extensive  description  and  good  illustrations. 

Trans  Fed,  L  M.  E,,  vol.  12,  p.  244.     Description  and  illustration  of  the  Mur- 
ton coal-washing  system. 
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1897. 

Col,  Eng,y  June.     Coal-washing  in  Colorado  (serial). 

Ool.  Eng,j  September.     Description  of  coal-washing  plant. 

Col,  Guard.,  April  30.     Description  of  the  Wunderlich  coal-washer. 

Ool,  Guard,,  Maj  28.     Illustration  of  Spanish  coal-washing  plant 

Col.  Guard.,  July  16.    Washing  of  dusty  coals ;  discusses  methods. 

Eng.  and  Min.  Jour,,  July  17.    Description  of  the  Jeffrey-Robinson  coal-washer. 

Eng.  and  Min,  Jour,,  October  2.     Description  and  illustration  of  ooal-washer. 

Engr,,  toI.  63,  p.  102,  January  22.  Description  and  general  detail  drawings  of 
the  Luhrig  coal- washing  system.     Gives  summary  of  results. 

J.  I.  and  S,  L,  vol.  2,  p.  366.  Description  of  several  new  coal-washing  ma- 
chines. 

J.  I.  and  S,  L,  vol.  1,  p.  440.     Discussion  of  coal-washing  apparatus. 

J.  I.  and  S.  L,  vol.  1,  p.  445.    Numerous  references  to  new  coal-washing  plants. 

Oester.  Zeiiseh./,  Berg  u.  Hikt.,  June  26.    Illustration  of  Wunderlich  washer. 

Traris,  A.  8.  M.  E,,  vol.  18,  p.  84,  December.  The  wadhing  of  soft  coal  by  the 
Luhrig  process.  Gives  drawings  of  plant,  detailed  description  of  method  of  op- 
eration and  a  large  amount  of  valuable  data. 

1898. 

Am,  Mfr,  and  Iron  World.,  March  25.    History  of  coal-washing  in  Alabama. 

Com.  Min.  Itev.,  August.     Comparative  benefits  of  coal-washing. 

0088.  Mag.,  vol.  15,  p.  60,  November.  Description  and  illustrations  of  several 
types  of  coal-washers. 

OoL  Guard.,  July  1.    English  coal-washing  plant. 

Ool.  Guard.,  August  5.     Dry  method  of  cleaning  coal. 

OoL  Guard.,  September  9.    French  methods  of  coal-wadhing. 

Col.  Guard.,  October  28.    Illustration  of  washers. 

Eng.  and  Min,  Jour,,  March  5.     Waste  from  coal-washers. 

Eng.  and  Min.  Jour,,  June  11.    Washing  plant  for  anthracite  waste. 

J.  I.  and  S,  L,  vol.  1,  p.  428.    Brief  mention  of  coal- washer. 

J.  I.  and  S.  I.,  vol.  2,  p.  451.    Short  description  of  coal- washing  plant 

Le  Genie  Civil,  September  17.     Discussion  of  a  French  coal-washing  plant 

Mines  and  Min,,  p.  395,  April.  Description  of  the  methods  used  and  results 
obtained  by  washing  Alabama  coal  for  coke-making.  Gives  large  number  of 
analyses  showing  results  accomplished. 

OesUr.  2kit8ch.  f.  Berg  u.  HueL,  October  22.  Improvements  in  washing  ma- 
chinery. 

Trans,  A.  I,  M.  E,,  vol.  28,  p.  486,  December.  The  effect  of  sizing  on  the  re- 
moval of  sulphur. 

Tram.  I.  M.  E,,  vol.  16,  p.  589.  Abstract  of  article  on  the  purification  of  coal 
wash  water  and  artificial  formation  of  shale. 

Trans,  I.  M,  E,,  vol.  16,  p.  588.  Abstract  of  article  on  the  Wunderlich  coal- 
washer.     Gives  summary  of  results. 

1899. 

CoL  Guard,,  January  27.     The  use  of  jigging  machines. 

Col.  Guard.,  February  10.    The  efficiency  of  coal-washing. 

Col,  Chard.,  March  3.     French  washing  plant. 

Col,  Guard.,  October  27.    The  separation  of  coal ;  discusses  principle  involved. 

Eng.  News,  vol  41,  p.  70,  February  2.  Abstract  of  article  on  the  effect  of  sizing 
on  the  removal  of  sulphur  from  coal  by  washing. 
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£ng,  and  Min.  Jour.,  August  5.    Illustration  and  description  of  Baraet  washer. 

Ihig.  and  Min.  Jour.,  December  16.     Coal- washing  plant  in  Montana. 

Iron  and  Goal  Trodu*  Beview,  June  23.  Illustration  and  description  of  Bhjmnej 
coaUwashing  plant 

J.  L  and  S,  L,  vol.  1,  p.  364.  Brief  description  of  some  new  coal-washing  ma- 
chines. 

J,  L  and  S.  J,  vol.  2,  p.  392.     Brief  discussion  of  coal-washing. 

MvMi  and  Min.,  p.  299,  February.  Discussion  of  the  concentration  of  low- 
grade  ores  by  means  of  jigs. 

1900. 

Eng,  and  Min.  Jour.,  yol.  70,  p.  94,  July  28.  Brief  description  of  a  Belgium 
coal-washing  plant. 

Iron  and  Coal  Trades^  Bevietc,  March  20.     Illustration  of  washing  plant 

J,  L  and  S.I.,  vol.  1,  p.  348.  Brief  discussion  of  some  new  ideas  in  coal- 
washing  apparatus. 

J.  I.  and  S.  I,  Tol.  2,  p.  484.     Several  references  to  coal-washing  appliances. 

Kerr,  Pradieal  Coal  Mining,  p.  407.  Gives  classification  of  methods  of  coal- 
washing,  with  description  and  illustrations  of  several  types  of  washers. 

Lond.  Eng,  vol.  90,  p.  98,  July  27.  Brief  description  of  the  Jeffrey  coal- 
washing  plants. 

Mineral  Industry,  vol.  9,  p.  731 .  Discussion  of  ore-dressing,  with  several  ref- 
enoes  to  coal-washing. 

Smyth,  Ooai  and  Coal  Mining,  p.  292.    Brief  reference  to  washed  coal. 

Tran*.  I.  M.  E.,  vol.  21,  p.  50.     Brief  reference  to  the  importance  of  washed 

coal. 

1901. 

Col.  Guard.,  August  16.     Washing  plant  at  a  Belgian  colliery. 

Hughes,  Coal  Mining,  p.  497.    Brief  discussion  of  coal-washing. 

Jour.  W  Sac  of  Engrs.,  December.  The  washing  of  soft  coals  by  the  Lilhrig 
process. 

Mines  and  Min.,  September.  Illustrated  description  of  the  coal-washing  plant 
at  Collinsville,  Ind. 

Peel,  Coal  Mining,  p.  268.     Brief  reference  to  coal-washing. 

1902. 

Am,  Mf.  and  Iron  World,  vol.  70,  p.  267.  Brief  discussion  of  the  Maurice 
coal-washer.     Gives  summary  of  results. 

Coal  and  Metal  Miners^  Handbook,  p.  434.     Discussion  of  coal-washing. 

Coal  and  Metal  Miners*  Pocket-Book,  p.  434.  Discusses  theory  and  operation  of 
hydraulic  classifiers,  with  a  summary  of  the  theory  of  jigging  on  page  439. 

CU.  Ouard.y  vol.  84,  p.  1119.     Brief  reference  to  value  of  coal- washing. 

Col.  Guard.,  vol.  84,  p.  1393.     Brief  reference  to  the  washing  of  coaL 
.    Col.  Guard.,  vol-  84,  p.  1717.     Brief  reference  to  the  washing  of  coal,  giving 
description  of  Baum  washer.     Gives  summary  of  results. 

Engr,,  vol.  74,  p.  239,  August  22.  Brief  description  of  German  coal-cleaning 
plants. 

Engr.,  vol.  74,  p.  441.  Illustrations  and  description  of  the  coal-washing  plant 
at  the  Diisseldorf  Exhibition.     Very  complete. 

Eng.  and  Min.  Jour.,  September  20.  Discussion,  with  illustrations  of  coal- 
washing  plant  in  Kansas. 

Iron  and  Coal  Trades'  Beview,  June  6.  Illustrated  description  of  the  Campbell 
coal-washer. 
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Iron  and  Coal  Trades*  EevieWy  November  7.  The  screening  and  washing  of  ooal  in 
Germany.    Serial,  Ist  part 

Mineral  Industry,  yol.  11,  p<  657.     Brief  discussion  of  coal-washing. 

Mines  and  Min.,  p.  36,  August.  Discussion  of  the  principles  of  coal-washing- 
Giyes  mathematical  deductions  of  formula. 

Oester.  Zeitsch,  /.  Berg  u.  EOet.,  December  20.  Detailed  description  of  a  mod. 
em  coal-washing  plant  in  Northern  Austria. 

Trans.  A,  L  M.  E,,  vol.  32,  p.  154.  Brief  description  of  coal-washing  plant  in 
Mexico. 

Trans.  L  M  E.,  vol.  23,  p.  179.  Description  and  illustrations  of  the  Craig 
coal-washer,  with  discussion  of  its  merits. 

Trans,  L  M,  E,,  vol.  23,  p.  435.  Comprehensive  article  on  the  Campbell  coal- 
washer.  Gives  illustrations,  discussion  of  merits,  and  summary  of  results  ob- 
tained. 

1903. 

Col.  Guard.,  January  23.     Illustrated  description  of  a  plant  in  Austria. 

CoL  Ouard.,  vol.  85,  p.  351.     Brief  reference  to  coal-washing. 

Eng.  and  Min  Jour ,  May  9.  A  modern  method  of  coal-washing.  Gives  draw- 
ings of  the  Campbell  coal-washer. 

Mines  and  Min,,  p.  456,  May.  Brief  description  of  washing  plant  for  Montana 
coal. 

Mines  and  Min ,  p.  481,  June.  Description  and  illustrations  of  washing  plant 
for  handling  anthracite  culm.     Drawings  give  general  dimensions. 

Mines  and  Mm.  t  June,  Illustrates  and  describes  the  methods  and  machinery 
employed  in  handling  and  separating  coal  from  culm  banks. 

Mines  and  Min.,  p.  212,  December.  Description  and  illustrations  of  the  Stewart 
coal -washing  system.     Gives  summary  of  costs. 

Mines  arid  Min,  p.  215,  December.  Brief  quotation  from  U.  S.  Geological  Sur- 
vey Bulletin  on  **The  Manufacture  of  Coke." 

Mines  and  Min.,  p.  228,  December.  Description  and  illustration  of  plant  for 
washing  Montana  coal. 

Richards,  Ore  Dressing.  Both  volumes  of  the  above  treatise  are  replete  with 
data  on  sizing,  jigging,  and  classification  of  ores. 

1904. 

Economical  Burning  of  Coal  Without  Smoke,  p.  28.  Publication  of  the  Peabody 
Coal  Company. 

Mines  and  Min.,  p.  371,  March.  Description  and  good  illustrations  of  coal- 
washing  plant  in  Indian  Territory. 

Mines  and  Min.,  December.  Illustrated  description  of  washing  plant  of  the 
Colorado  Fuel  and  Iron  Co. 

Mines  and  Min.,  December.  Description  of  various  trough  and  jigging  wash- 
ers.    Gives  tables  and  costs. 

Mines  and  Min.,  December.  Description  and  illustration  of  washing  plant 
using  Robinson  and  Stewart  washers. 

1905. 

Cocklin,  Ooal  Mining,  p.  376.     Several  illustrations  of  coal-washers. 
Eng  and  Min.  Jour.,  vol.  80,  p.  ^67.     Discussion  of  shaking  screens  for  coal- 
washing. 
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Fulton,  Ooke,  p.  56.  Thorough  discussioDi  with  numerous  illustrations  of 
washers.  Gives  results  of  various  tests.  This  is  the  best  treatment  of  the  subject 
yet  published. 

Mines  and  3fin.f  vol.  26,  p.  87.    Brief  description  of  German  coal -washing  plant. 
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The  Geology  and  Petrography  of  the  Goldfield  Mining- 
District,  Nevada. 

BT  JOHN  B.  HASTINGS,  DENVER,  OOLO.,  AND  0HABLE8  P.  BERKET, 
NEW  TOBK,  N.  Y. 

(Bethlehem  Meeting,  February,  1906.) 

I.  Geological.* 

The  reconnaissance  of  the  Goldfield  mining-district,  described 
in  this  paper,  was  made  in  May  and  June,  1905,  and,  though 
this  time  was  too  short  for  a  complete  report,  the  work  accom- 
plished may  serve  as  a  basis  for  more  thorough  future  research. 
Dr.  Berkey  has  examined  the  rocks  collected  by  myself,  and  I 
am  using  his  classifications.  As  a  result  of  further  field-work, 
and  Dr.  Berkey's  examination  of  the  rocks,  this  paper  is  an 
elaboration  and  correction  of  my  views  expressed  in  the  OoJd- 
jidd  Sun,  May  12,  1905.  The  sketch-map.  Fig.  1,  illustrates 
the  geology  of  the  Goldfield  mining-district. 

Goldfield  is  an  eruptive  complex,  consisting  of  alaskite  (bi- 
nary granite),  hornblende-andesite,  hornblende-dacite,  rhyolite, 
pyroxene-andesite,  pyroxene-dacite  (sometimes  containing  a 
small  quantity  of  olivine),  quartz-felsite,  olivine-pyroxene-ande- 
site,  and  basalt.  Considering  this  list  to  be  arranged  in  the 
order  of  eruption,  the  age-sequence  of  the  rocks  conforms  to 
Richthofen's  law,  formulated  in  1868.  From  his  observations 
in  Europe  and  America,  propylite,  andesite,  trachyte,  rhyolite 
and  basalt,  occurring  together,  succeed  one  another.  In  a  gen- 
eral way,  the  medium  and  more  acidic  rocks  precede  the  most 
basic — a  result  supposed  by  some  to  have  arisen  from  their  re- 
lative position  beneath  the  surface,  and  due  to  a  rude  stratifica- 
tion by  gravity  in  the  original  cooling  magma  during  the  older 
history  of  the  earth,  or  to  the  same  differentiation  occurring 
during  a  quiescent  (molten  ?)  period  preceding  eruption,  being 
aided  by  the  ease  with  which  acidic  rocks,  mixed  with  water 
vapors,  become  fusible.     In  effect,  the  more  basic  and  less  re- 

*  By  John  B.  Hastings. 
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fractory  rocks,  from  a  smelting-standpoint,  really  seem  to  need 
a  higher  heat,  or  at  least  a  more  prolonged  action,  to  bring 
them  to  the  surface. . 

The  observed  occurrences  of  other  rocks  comprise :  two  in- 
clusions of  sedimentaries  (indurated  slates  or  shales,  between 
alaskite  and  rhyolite)  on  Columbia  and  Vindicator  mountains; 
a  few  very  small  areas  of  stratified  tuffs,  on  the  Tonopah  Club 
and  Desert  Rose  claims ;  a  large  body  of  tuff^  in  Sections  4  and 
83,  and,  possibly,  in  other  areas  of  the  altered  zone,  extending 
from  Sections  3  to  36. 

The  ore-bodies  occur  in  the  hornblende-dacite  and  andesite 
of  Knickerbocker  mountain,  in  the  rhyolite  of  Columbia  and 
Vindicator  mountains,  and  in  pyroxene-andesite  at  the  Quartz- 
ite  mine.  The  whole  area  shows  abundant  remains  of  solfatar- 
ism,  except  in  the  rhyolite  of  Myers  mountain,  and  the  later 
pyroxene-andesite,  olivine-andesite,  pyroxene-dacite,  felsite  and 
basalt. 

There  is  extreme  silicification  of  the  andesite,  dacite  and 
rhyolite  along  fractures  generally  northerly  and  southerly,  but 
also  easterly  and  westerly,  forming  reefs  from  2  to  40  ft.  wide, 
and,  in  the  aggregate,  possibly  40  miles  long.  These  zones 
contain  a  vast  quantity  of  material  resembling  hard  sugar- 
quartz,  but  everywhere  interspersed  with  a  greater  quantity  of 
the  original  rock,  still  dimly  showing  its  porphyritic  character. 
Silicification,  less  intense,  has  occurred  over  large  undefined 
areas. 

The  silicified  reefs  are  usually  barren,  but  the  rich  shipping- 
ores  have  been  found  intimately  associated  with  them.  My 
knowledge  is  insufficient  to  enable  me  to  say  much  of  the  ore- 
deposits.  In  the  Florence,  Quartzite,  January  mines,  and  in 
portions  of  the  Combination  mine,  it  appears  as  if  the  areas 
opened  were  on  primary  rich  vein-fissures,  which  are  rather 
small,  except  where  they  have  been  enriched. 

In  the  Sandstorm  mine,  the  rich  ore  follows  a  pre-existing 
northerly  and  southerly  siliceous  reef,  along  which  the  ore  oc- 
curs at  intersections  of  easterly  and  westerly  fissures.  While 
distinct  brecciation  was  not  observable  at  the  crossings,  in  one 
instance  the  reef  was  faulted  a  distance  of  6  ft.  by  the  later 
fissure.  The  main  ore-bodies  were  in  the  siliceous  reef,  the  di- 
minishing values  extending  for  26  ft.  along  the  cross-fissures. 
The  enclosing  rock  is  rhyolite. 

[4] 


aSOLOaY   AND    PETROGRAPHY   OF   GOLDPIBLD    DISTRICT.      299 

The  Florence,  Combination,  and  January  veins,  in  the  south- 
erly area,  striking  NW.  and  dipping  east,  are  crossed  by  other 
simultaneously  mineralized  fissures,  striking  NE.  and  dipping 
NW.,  into  which  the  ore  is  deflected.  The  northwest  Assuring 
continues,  and  the  ore  in  the  cross-fissures  may  only  follow  them 
for  a  certain  extent,  to  be  picked  up  again  later  in  the  parent 
fissures.    The  enclosing  rock  is  dacite. 

The  Quartzite  mine  is  the  representative  fissure  in  the  north- 
ern end  of  the  district.  The  vein  strikes  E.  20°  W.,  dips  west- 
erly, and  is  about  5  ft.  wide  as  stoped.  A  characteristic  piece 
of  the  enclosing  rock  from  the  dump  was  pyroxene-andesite, 
having  the  same  blue  color  and  appearance  as  the  southern 
mineral-bearing  dacite,  but  lacked  the  quartzes.  The  brown- 
ish pyroxene-andesite,  west  of  the  quartzite,  in  Sections  19  and 
24,  is  later  than  the  silicified  zones,  peaks  of  the  latter,  too  small 
to  be  mapped,  outcropping  like  islands  in  the  andesite-fiow. 

In  the  Florence,  Combination  and  Quartzite,  there  are  cross- 
fissures  younger  than  the  mineralization,  which  have  faulted 
the  veins,  and  this  may  be  generally  expected  from  the  more 
recent  vulcanism. 

The  tuffs  on  the  Tonopah  Club  and  Desert  Rose,  cursorily 
alluded  to  before,  are  in  shallow  detached  bodies,  occurring  as 
shaly  deposits  on  the  present  surface,  and  surviving  only  in  a 
few  depressions.  At  the  Tonopah  Club  mine  several  of  these 
small  deposits,  from  2  to  10  ft.  deep,  are  crossed  by  the  vein- 
fissure,  with  a  slight  faulting.  The  horizontal  tuflPs,  with  bed- 
ding-planes at  right  angles  to  the  fissure,  have  been  permeated 
and  mineralized  by  the  ascending  solutions. 

Since  the  beginning  of  the  last  century,  attention  has  been 
called  to  the  large  amount  of  water  and  its  vapor  accompany- 
ing vulcanism ;  also  to  the  fact  that,  after  the  cessation  of  rock- 
extrusion,  hot  waters  still  make  a  way  to  the  surface,  though 
forced  from  the  body  of  the  inactive  eruptive  to  its  contact 
with  neighboring  rocks  and  other  lines  of  least  resistance,  such 
as  faults,  fractures  and  permeable  limestones,  etc.  These 
waters,  saline  or  vadose,  were  supposed  to  reach  the  volcanic 
rocks  from  the  sea  or  from  the  earth's  surface.  It  has  been 
generally  considered  that,  by  gravity  and  capillarity,  the  waters 
would  descend  to  the  molten  areas  through  saturated  fissures 
and  rocks,  which,  in  turn,  seemed  to  afford  an  easy  passage  to 
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the  surface.  On  the  other  hand,  some  observers  proclaim  it 
impossible  for  water  to  travel  against  the  pressure  of  vapors 
which  would  be  created  in  rocks  surrounding  the  deep  scene 
of  volcanic  action. 

It  has  been  pointed  out  that  but  little  capillary  or  other  water 
is  found  in  deep  mines.  In  discussions  on  this  subject  I  do  not 
remember  to  have  seen  mentioned  that  fissures,  later  than  the 
veins,  now  carry  the  surface  water.  It  is  usual,  in  mining,  to 
find  the  veins  dry,  and  some  cross-fissures  flooded.  Mine  after 
mine  has  been  cited  as  dry  in  its  lower  levels,  and  even  the 
Rand  mines  are  said  to  be  making  very  little  new  water. 
Apart  from  local  unfitness,  I  should  imagine  the  center  of  such 
a  synclinal,  as  the  Rand,  to  be  an  ideal  spot  for  artesian  water- 
However,  the  chief  fact  seems  to  remain  in  prominence, 
namely,  that  there  is  less  water  in  underground  circulation 
than  was  formerly  supposed. 

The  most  recent  theory  predicates  the  great  central  mass  of 
the  earth,  beginning  190  miles  below  the  surface  (equaling 
0.976  of  its  whole  bulk),  to  be  a  core  of  compressed  gases,  simi- 
lar to  the  sun's  central  nucleus;  only,  in  the  case  of  the  earth, 
which  has  four  times  the  density  of  the  sun,  these  gases,  on  ac- 
count of  their  specific  gravity  and  resistance  to  deformation, 
must  be  nearly  as  heavy  and  as  rigid  as  steel.  As  an  adden- 
dum to  this  premise,  water  of  volcanoes  is  then  presumptively 
evolved  from  these  gases,  and  escape  during  a  slight  relief  from 
the  pressure  which  accompanies  igneous  phenomena. 

Whatever  may  be  the  origin  of  volcanic  waters  and  associ- 
ated vapors  and  gases,  their  passage  upwards,  under  great  heat 
and  pressure,  thoroughly  permeating  large  bodies  of  molten 
eruptives,  would  furnish  the  most  ideal  solvent  in  the  best 
source  of  supply  imaginable.         ' 

There  is  no  proper  drainage-system  in  Nevada.  None  of  the 
rivers  reach  the  ocean ;  all  sink,  either  in  the  channel  itself 
or  in  the  lakes  in  the  great  valleys.  Probably  an  important 
migration  of  vadose  water  progresses  underground,  which,  in 
the  past,  has  been  interrupted  by  newly-formed  volcanic  necks. 
These  waters  became  heated,  joined  magmatic  waters,  and  rose 
to  the  surface ;  hence,  as  the  rocks  cooled  and  magmatic  waters 
ceased,  the  springs  dried  up.  Since  there  has  been  a  succession 
of  eruptive  actions  in  Qoldfield,  there  is  also  a  succession  of 
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solfatarism.  Perhaps  more  than  ordinarily^  the  Goldfield  de- 
posits suggest  the  derivation  of  the  ores  from  ascending  hot 
magmatic  and  vadose  waters. 

11.  Topography.* 

The  Goldfield  district  has  the  erratic  topography  of  a  recent 
volcanic  area,  modified  but  slightly  by  erosion,  the  silicified 
portions  forming  small  peaks  by  their  resistance  to  the  ele- 
ments. 

Columbia  mountain,  while  composed  largely  on  its  south 
end  of  alaskite,  as  shown  by  the  Columbia  Mountain  tunnel, 
is  a  rhyolitic  neck;  Vindicator  mountain  also  is  a  rhyolitic 
neck. 

Banner  mountain,  which  may  also  be  a  volcanic  peak,  is  pos- 
sibly the  product  of  erosion,  since  the  summit  is  a  mass  of  hard 
silicified  andesite,  and  the  surrounding  basal  plain  a  soft  ande- 
site  and  dacite. 

Knickerbocker  mountain  is  a  great  volcanic  cone,  from  which 
the  dacites  have  flowed  northwesterly  and  easterly,  partly  cov- 
ering the  older  hornblende-andesite. 

Table  mountain  in  Section  9,  on  which  the  Black  Cap  group 
and  the  Juno  tunnel-site  are  located,  is  a  basaltic  neck,  with  a 
later  flow  of  pyroxene-andesite,  the  hard  andesite  protecting 
the  soft,  underlying,  altered  dacite,  which  forms  a  ring  around 
the  obtruding  cone. 

In  Sections  12,  13  and  14  is  another  table  mountain  pro- 
tected by  dacite  and  basalt,  the  two  efiusions  exposed  side 
by  side. 

Myers  mountain,  another  volcanic  neck,  at  first  extruded 
rhyolite,  in  Section  7.  This  rhyolite  is  more  basic  than  and 
different,  macroscopically,  from  rhyolites  of  Columbia  and 
Vindicator  mountains.  Olivine-pyroxene-andesite  (Section  12) 
followed  the  rhyolite,  then  pyroxene-andesite  (Section  1),  and, 
finally,  basalt  (Section  12),  now  crowning  the  summit. 

The  Malapais  mesa,  west  of  Goldfield,  extending  4  miles 
northerly  and  4  miles  southerly,  and  as  much  as  4  miles  wide, 
is  a  marked  example  of  a  table  mountain  protected  by  a  hard 
cap.     Here  lake-beds  and  tuffs  were  covered  with  a  thin  bed 


*  Bj  John  B.  Hastings. 
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(from  10  to  50  ft.)  of  quartz-felsite ;  the  felsite  itself  was  cov- 
ered soon  after  by  a  similar  sheet  of  olivine-pyroxene-andesite. 

The  pink  felsite  and  black  andesite  are  a  marked  contrast ; 
the  former  is  a  fine  example  of  igneo-aqueous  ftision,  with 
steam  vesicles  up  to  a  diameter  of  5  ft. ;  it  may  have  been  an  ■ 
underwater  flow.  The  andesite  is  comparatively  solid.  These 
rocks  seem  like  rivals,  and  one  is  struck  with  the  tenacity 
with  which  the  darker  basic  rock  has  so  completely  covered 
the  lighter  acidic  rock.  The  depths  of  the  flows  vary,  but  not 
much  so,  one  from  another;  the  edges  are  exposed  for  many 
miles  on  top  of  the  bluff. 

A  somewhat  interesting  duplication  occurs  in  Section  11,  on 
the  south  end  of  the  Wild  Horse  claim,  which,  at  first,  seemed 
suggestive  of  a  downward  faulting  on  the  mesa  scarp.     This 

A      OllTlw  pynom^ulMtH  ^ippv  flow  on  Umm,  10  ft,  spwr.  Ko.  10 
B        Qnarta-PeWU,  low«r  flow  oa  Ums  10  f  t.  .i«e.  Noo.  «148I 
C         Tuff  10  ft. 


Fig.  2.— Idealized  Geological  Section  on  the  South  End  of  Whitb 
Horse  Claim,  Sec.  11 

occurrence  is  explained  by  Fig.  2.  The  augite-dacite,  F,  has 
a  slight  superficial  resemblance  to  the  felsite,  -B,  and  the  oli- 
vine-pyroxene-andesite, E^  to  the  olivincrpyroxene-andesite,  A, 
This  last  rock  preserves  its  marked  characteristics  for  miles, 
perhaps  the  most  noticeable  being  the  iron-stained  olivines. 
I  could  not  determine  whether  E  and  F  emanated  southerly 
from  under  the  mesa ;  they  disappeared  northerly  under  the 
wash.  Perhaps  the  olivine-pyroxene-augite  occurring  in  the 
wells  of  the  Goldfield  Brewery  &  Los  Angeles  Co.  are  con- 
nected with  E.  There  is  another  nearby  outcrop  ot  olivine- 
pyroxene-andesite,  a  fine-grained  rock,  between  the  Water 
Tank  butte  and  Mesa  (Section  2).  The  dacite,  jP,  is  traceable 
in  detached  areas  to  and  beyond  the  summit  in  Section  14,  and 
east  of  the  Lida  road. 
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The  mountains  in  Sections  27  and  34,  on  the  east  boundary 
of  the  district,  are  composed  of  a  coarse  typical  andesite  with 
quartz  phenocrysts,  that  is, — hornblende-dacite  much  younger 
tiian  the  dacites  of  Knickerbocker  mountain. 

Mapped  with  the  dacites  of  Knickerbocker  mountain  are 
fine-grained  altered  areas,  the  composition  of  which  I  was  un- 
able to  determine. 

ni.  Petrography.* 

The  chief  object  of  the  microscopic  study  of  the  specimens 
of  rock,  gathered  by  Mr.  Hastings,  has  been  to  identify  them 
and  suggest  relationships  as  an  aid  to  field-mapping,  and  the 
interpretation  of  geological  structure.  At  the  same  time  the 
characteristic  secondary  changes  in  the  rocks,  and  the  relation- 
ships of  these  to  the  ores,  have  been  constantly  in  mind,  with 
a  view  to  the  bearing  upon  the  genesis  of  the  ore-deposits  of 
the  district  Mr.  Hastings,  in  the  first  part  of  this  paper,  has 
given  the  field-relationships,  and  makes  the  appropriate  appli- 
cations of  such  suggestions  as  a  microscopic  study  of  the  rocks 
seems  to  warrant.  On  account  of  the  interest  felt  in  the  dis- 
trict, and  the  rather  unusual  series  of  rocks  represented  at 
Goldfield,  it  seems  advisable  to  add  more  detailed  notes  on  the 
petrography  of  the  area.  The  only  notes  published,  so  far  as 
I  know,  are  those  of  Mr.  J.  E.  Spurr.*  For  the  material  and 
permission  to  use  it  in  this  way,  I  am  indebted  to  Mr  Hastings. 

The  specimens  of  rock  and  ore  have  been  collected  in  a  sys- 
tematic study  of  the  Goldfield  district  and  vicinity.  A  greater 
number  of  these  specimens  necessarily  represent  the  more  ob- 
scure or  less  easily  identified  of  the  outcrops,  together  with  the 
more  complex  structural  areas.  Altogether,  however,  the  set 
must  represent  quite  fully  the  range  of  rock-types  of  the  dis- 
trict, and  the  comparative  number  of  specimens  in  each  type 
must  indicate  roughly  their  relative  importance  either  areally, 
structurally,  or  economically. 

The  list  of  rock-types*  includes, — (1),  felsites,  rhyolites,  tra- 

*  Bj  Charles  P.  Berkey. 

^  Bulletin  No.  260,  U.  S.  Oeoloffieal  Survey,  p.  133  (1905).  Bulletin  No,  225, 
U.  8.  CMogiad  Survey,  pp.  llS-119  (1903). 

'  A  similaritj  to  the  rocks  of  Tonopah,  Nevada,  is  readily  noted.  The  chief 
types  deecrihed  by  Spurr  for  that  area  are :  rhyolite,  andesite,  and  dacite.  BvJU^ 
tin  No.  219,  U.  S,  Geological  Survey,  p.  12-15,  1903.  Profeesioncd  Paper  No.  42, 
U.  S.  Oeologkal  Survey,  p.  80-71. 
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chy-andesites,  dacitee,  andesitea,  and  basalts,  representing  fel- 
sitic  and  porphyritic  varieties ;  (2),  a  granite  as  the  only  grani- 
toid variety,  except  two  or  three  cases  of  granular  holocrystal- 
Hne  andesites  and  basalts  that  may,  with  equal  propriety, 
classify  as  diorite  and  dolerite,  so  far  as  this  examination  ap- 
plies ;  (3),  rhyolitic,  dacitic,  and  andesitic  tuffs  among  the  py- 
roclastics ;  and  (4),  a  carbonaceous  quartz-slate  as  a  representa- 
tive of  hydroclastics. 

Andesites,  the  dominant  type,  include  78  specimens,  or  more 
than  half  of  the  total  number.  Next,  numerically,  is  dacite, 
of  which  there  are  21  specimens.  Then  follows  the  rhyolites 
to  the  number  of  8  specimens,  and,  finally,  basalt,  of  which 
only  3  in  the  original  identification  list  were  so  classed,  although 
there  are  5  more,  included  with  the  andesites,  that  carry  so 
much  olivine  and  are  of  such  strong  basic  affinities  that  they 
could,  with  equal  reason,  be  included  with  the  basalts.  No  other 
type  occurs  in  large  numbers. 

Silicified,  indurated  rocks  include  the  specimens  of  ores  and 
several  others,  and  are  treated  separately. 

In  the  following  list  the  numbers  of  the  specimen  corres- 
ponds to  the  numbers  on  the  map.  Fig.  1,  and  are  the  serial 
numbers  preserved  with  them  and  the  corresponding  thin  sec- 
tions in  the  Petrographic  Laboratory  of  Columbia  University, 
New  York,  N.  T.,  and  by  Mr.  Hastings  at  Denver,  Colo. 

Granite,  No.  1.  The  rock  is  very  coarse-grained,  with  an 
unusually  large  amount  of  quartz,  which  carries  numerous  in- 
clusions, largely  in  trains,  some  passing  from  one  grain  to  an- 
other. Cracks  also  extend  across  in  a  similar  manner,  show- 
ing, on  the  whole,  considerable  crushing  and  recementing. 
The  rock  has  no  other  gneissic  characters.  Orthoclase  is 
abundant  and  uniformly  clouded  with  kaolin-alteration,  mak- 
ing it  nearly  opaque.  There  is  a  little  albite.  Iron  oxide, 
hematite,  gives  a  brown  stain  in  a  few  spots.  No  identifiable 
dark  mineral  is  seen  in  the  slide.  The  rock  is  an  exceptionally 
acid  variety  of  granite,  and  is  a  fair  representative  of  the  alas- 
kite  of  Spurr. 

Rhyolite  (Nos.  62  to  68).  Most  of  these  rocks  show  a  char- 
acteristic flowage-structure,  and  a  spherulitic  or  mottled,  devi- 
trified  ground-mass.  Quartz  is  abundant,  both  in  the  ground- 
mass  and  in  rounded  or  angular  phenocrysts,  sometimes  giving 
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a  decided  porphyritic  aspect.  Resorption  of  the  phenocrysts  is 
marked.  Biotite  is  the  chief  dark  mineral.  Orthoclase  pre- 
dominates over  plagioclase.  Magnetite  is  abundant  in  one  or 
two  specimens.  The  dark  minerals  are  not  conspicuous.  Scapo- 
lite  is  developed  to  a  considerable  extent  in  3  specimens,  taking, 
in  part,  the  place  of  original  feldspars.  A  mottling  of  the 
rock,  due  to  silicification,  is  also  noticeable.  No  attempt  has 
been  made  to  indicate  the  field-relationships  or  the  history  by 
a  differentiation  into  rhyolites  and  quartz-porphyries. 

Felsite  (Nos.  129,  180).  There  are  two  rocks  of  acid  char- 
acter,  with  glassy  and  devitrified  ground-mass,  showing  flow- 
age,  that  are  called  felsites,  chiefly  because  of  inability  to  de- 
cide whether  rhyolitic  or  dacitic  aflSnities  prevail.  Quartz  is 
the  only  abundant  determinable  mineral,  although  both  ortho- 
clase and  a  plagioclase  are  present.  Biotite  and  pyroxene  are 
also  present.  The  two  rocks  are  not  alike,  however,  and  evi- 
dently  do  not  belong  to  the  same  flow.  They  are  regarded  as 
a  sub-type  between  the  characteristic  rhyolites  of  the  district 
and  the  dacites  proper,  both  of  which  are  well  recognized. 

Dacite  (Nos.  27  to  61).  This  group  shows  considerable  va- 
riation. There  are  no  less  than  8  sub-varieties  or  sub-groups, 
based  "upon  minor  specific  differences  among  them,  as  seen  in 
the  microscope.  One  specimen,  at  least,  has  about  an  equal 
claim  to  classification  with  the  rhyolites,  and  from  this  they 
represent  many  different  mixtures  and  proportions  to  the  other 
extreme,  where  one  specimen  of  decidedly  basic  character,  and 
in  which  olivine  and  augite  are  prominent  constituents,  can, 
with  even  better  propriety,  be  placed  with  the  quartz-basalts. 
The  ground-mass  of  these  rocks  is  either  glassy  to  felsitic,  or 
spherulitic  and  mottled,  or  pilitic.  Flowage  is  a  prevailing 
structure,  specially  marked  in  those  of  pilitic  habit,  and  is 
well-developed  even  in  the  more  crystalline  varieties.  Nearly 
all  are  porphyritic,  although  the  phenocrysts  are  mostly  very 
small,  or,  at  best,  inconspicuous,  except  as  seen  in  thin  section. 
Plagioclase  is  abundant  as  phenocrysts.  The  medium  types  all 
carry  biotite  in  considerable  amount  as  the  chief  dark  constitu- 
ent (Nos.  28,  29,  80).  Hornblende  is  present  with  biotite,  and 
in  Nos.  81,  82,  41,  42  and  85  it  becomes  the  chief  ferro-magne- 
sian  constituent,  and  is  developed  in  fine  idiomorphic  individu- 
als.    Most  of  those,  low  in  biotite  and  hornblende,  carry  aug- 
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ite,  showing  the  same  range  as  is  seen  in  the  group  of  andesites 
proper,  and  the  extreme  in  this  direction  is  reached  in  the  speci- 
mens before  noted,  in  which  olivine  also  appears.  Therefore, 
as  outlined  above,  the  series,  in  which  quartz  is  a  prominent 
constituent,  exhibits  the  complete  range  from  rhyolite  and 
quartz-felsite,  through  mica-dacites,  hornblende-dacites,  augite- 
dacites,  to  quartz-basalts. 

Trachy-Andesite  (8  specimens).  There  are  no  true  trachytes. 
One  specimen  in  particular  (No.  94),  and  two  others  to  less- 
marked  degree,  are  decidedly  more  acid  than  the  average  ande- 
site,  and  have  a  trachitoid  structure.  The  relative  abundance 
of  the  diflerent  feldspars  is  in  question.  But  the  relative  po- 
sition of  these  rocks,  among  the  others  of  the  whole  series,  is 
best  indicated  by  the  above  name. 

Andesites  (78  specimens,  subdivided  below).  The  andesitic 
rocks  are  in  greatest  number,  surpassing  all  other  types  com- 
bined, and  exhibiting  the  greatest  number  of  minor  differences 
among  themselves,  which  indicate  separable  structural  field- 
units  of  flows,  sheets  or  dikes.  The  more  basic  varieties  are 
the  most  perfectly  preserved  rocks  of  the  district.  The  large 
number  involved,  and  the  evident  importance  of  the  group, 
make  it  advisable  to  subdivide  into  specific  minerdlogical 
varieties.  Porphyritic  development  is  prevalent,  though  often 
on  a  microscopic  scale.  Those  most  notable  are  referred  to  in 
the  geology  of  the  district  as  andesite-porphyries.  In  the  pres- 
ent discussion,  however,  those  textural  variations  are  largely 
ignored  in  the  effort  to  indicate  the  mineralogical  relation- 
ships. They  cover  the  entire  range  from  trachy-andesites  to 
the  basalts  proper. 

Mica-Andesite  (3  specimens).  Biotite  is  the  chief  ferro-mag- 
nesian  mineral.  Hornblende  is  either  negligible  or  is  present 
in  subordinate  amount.  Chlorite  is  a  common  secondary 
(Nos.  8,  4,  17).  In  several  much  altered  specimens  the  ferro- 
magnesian  mineral  is  destroyed.  Some  of  them  probably  be- 
long in  this  group. 

Hornblende-Andesite  (11  specimens).  Hornblende  is  the 
chief  dark  mineral  (Nos.  5,  19,  20,  26),  occurring  abundantly 
as  phenocrysts  with  resorbed  borders,  and  frequently  attacked 
by  chloritic  alteration.  Plagioclase  is,  however,  the  chief  idio- 
morphic  mineral,  sometimes  showing  exceptional  zonal  growth 
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and  giving  a  marked  porphyritic  texture  (Nos*  20, 19).  Biotite 
is  usually  present  in  minor  amount.  The  ground-mass  is  mot- 
tled or  exceedingly  fine  felsitic  or  pilitic  in  texture.  Occa- 
sionally, there  is  excessive  alteration  and  induration  of  the 
whole  rock  (No.  45),  and  the  structure  and  appearance  of  the 
product  is  precisely  the  same  as  specimens  of  ore.  Iron  oxide 
and  calcite  are  common  secondary  products.  One  rock  included 
here  is  heavily  impregnated  with  iron  oxide  in  small  grains  or 
specks  that  are  so  persistent  and  uniformly  distributed  as  to 
suggest  simple  oxidation  of  a  pyrite-rock.  It  is  otherwise  also 
much  modified  in  composition  by  the  usual  weathering  prod- 
ucts, so  that  nothing  but  these  and  a  few  structural  outlines  re- 
main to  indicate  its  relationships  (No.  28).  The  group,  in  part, 
include  rocks  that  carry  little  dark  mineral  and  are  of  acid 
character.  A  great  number  are  of  medium  andesitic  compo- 
sition. 

Pyroxene-Andesite  (augite-andesite),  (41  specimens).  By 
far  the  greater  number  of  andesites  carry  pyroxene.  Common 
augite  is  the  prevailing  species.  There  are  41  rocks  of  this 
class,  exclusive  of  those  also  carrying  olivine,  which  are  dis- 
cussed separately ;  14  specimens  have  little  pyroxene,  or,  in- 
deed, any  other  ferro-magnesian  constituent.  A  few  of  them 
are  among  the  most  acid  of  the  andesite  group.  As  a  rule, 
they  have  a  fine  pilitic  ground-mass ;  they  usually  show  flow- 
age,  and  a  porphyritic  texture  prevails.  Resorption  of  the 
phenocrysts  and  zonal  growth  are  almost  constant  characters ; 
18  have  a  trachytoid  structure,  with  chiefly  lath  plagioclase  in- 
stead of  orthoclase  in  the  ground-mass ;  4  rocks  (Nos.  88,  86, 
83, 76)  have  biotite,  in  addition  to  augite,  as  a  dark  constituent. 
Hornblende  is  the  additional  basic  mineral  in  8  specimens, 
though  it  is  abundant  in  only  2  (Nos.  16  and  85),  and  there  is 
an  occasional  grain  in  many  others ;  4  are  very  strongly  por- 
phyritic, giving  a  strikingly  granular  aspect  to  the  ground-mass, 
which,  with  higher  magnification,  exhibits  multitudes  of  stout 
pyroxene  rods.  This  variety  is  also  the  extreme  in  basicity  of 
the  simple  pyroxene-andesite  group  (Nos.  72,  78,  74).  Two 
specimens  (Nos.  87  and  24)  have  a  dense,  stony,  perhaps  de- 
vitrified,  ground-mass,  giving  a  distinct  structural  variety. 
One  (No.  98)  has  zonal  growth  of  the  feldspars  and  pyroxenes 
developed  to  an   extraordinary  degree — some  of  them  also 
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marking  resorption  stages.  One  specimen  (No.  12)  is  dis- 
tinctly  fragmental  in  its  larger  units,  but  is  considered  a  flow- 
age  breccia  rather  than  a  tuff.  As  a  group,  the  augite-andesites 
are  of  great  variety  in  minor  characters,  and  represent  numer- 
ous different  field-units. 

Hypersthene-Andesites.  In  3  specimens  hypersthene  occurs 
as  an  essential  constituent,  in  addition  to  augite  and  some 
hornblende  (Nos.  92,  100,  105).  They  are  not  all  of  the  same 
structural  type. 

Olivine-Bearing  Pyroxene-Andesite  (20  specimens).  This 
whole  sub-group  carries  olivine  in  addition  to  augite.  Horn- 
blende and  biotite  are  absent,  except  rarely.  The  set  of  rocks 
classified  here  varies  from  very  little  olivine  (which  is  true  of  4 
specimens)  to  an  equal  number  at  the  other  extreme,  where  it 
becomes  the  chief  basic  constituent,  and  where  the  general 
basic  composition  so  nearly  balances  the  feldspathic  component 
that  they  may,  with  equal  propriety,  be  included  with  the  ba- 
salts. In  a  large  majority  of  the  numbers,  however,  the  light- 
colored,  leucocratic  minerals  are  in  excess  of  the  melanocratics. 
The  type  is,  therefore,  of  considerable  abundance  in  the  dis- 
trict. Labradorite  is  the  abundant  feldspar,  but  anorthite  ap- 
pears in  the  most  basic.  Three  (8)  specimens  show  diabasic 
structural  tendency.  One  (No.  116)  is  also  rather  coarse- 
grained for  this  group,  and  therefore  is  of  dolerite  or  diabase 
affinities  (No.  125).  These  rocks  are,  for  the  most  part,  strongly 
porphyritic.  They  are  not  so  prominently  modified  by  altera- 
tion as  many  of  the  more  acid  groups.  They  are  not  indurated, 
and  in  a  large  number  the  olivines  are  still  very  fresh.  Two 
of  the  specimens  have  a  notably  granular  ground-mass  (No. 
113),  due  to  pyroxene  of  the  second  generation.  A  fine  pilitic 
or  trachytoid  ground-mass  is  more  common.  One  (No.  127) 
shows  marked  flowage-structure  and  zonal  growth  of  the 
phenocrysts  to  an  unusual  degree — 16  stages  appearing  on  one 
feldspar.  All  of  the  constituents  occur  as  phenocrysts.  Mag- 
netite is  very  abundant  in  some  cases. 

Quartz-Basalt. — One  of  the  most  basic  of  the  above  series 
(No.  115)  carries  quartz  phenocrysts  as  a  prominent  constituent 
.Olivine  is  plentiful  and  augite  is  very  abundant, — both  together, 
at  least,  equalling  the  feldspars  in  the  rock.  The  quartz  occurs 
in  large  grains,  showing  resorption,  and  surrounded  by  a  mass 
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of  granules  and  columns  of  augite  resembling  the  Lassen's 
Peak  quartz-basalt,  described  by  Diller.  The  rock  forms  the 
basic  limit  of  the  quartz-bearing  porphyries  of  the  district, 
already  mentioned  under  the  dacites. 

Basalt  (3  specimens). — All  are  olivine  basalts  of  the  same 
general  character  as  the  most  basic  described  under  the  olivine- 
bearing  pyroxene-andesites  above.  These  are  still  more  basic 
(Nos.  122,  123,  124).  Olivine  occurs  in  the  ground-mass  and 
as  phenocrysts.  Much  of  the  augite  is  granular  or  micro-idio- 
morphic  in  the  ground-mass.  In  relative  abundance  the  con- 
stituents are  augite,  plagioclase,  olivine,  magnetite.  The  rocks, 
which  form  the  basic  end  of  the  series  at  Goldfield,  are  fresh, 
the  olivines  showing  staining  only  along  the  cracks. 

Alteration-  Varieties. — A  few  of  the  specimens  show  unusual 
or  exceptionally  complete  alteration.  No.  7  was  originally  an 
olivine-bearing  augite-andesite.  The  traces  of  original  struc- 
ture are  still  so  well  preserved  that  the  zonal  growth  of  former 
feldspar  areas  can  be  seen.  But  the  rock  is  now  largely  com- 
posed of  a  very  feebly  porlarizing  substance,  so  feeble  in  places 
as  to  require  a  sensitive  tint  to  detect  the  change,  and  this  has 
taken  the  place  not  only  of  the  feldspar  and  olivine,  but  of  any 
other  constituent.  It  is  regarded  as  chietiy  serpentine.  The 
rock  is  a  pseudomorph  throughout.  Three  of  the  rocks,  and, 
to  a  lesser  degree,  a  few  others,  have  developed  scapolite.  They 
are  types  of  dacitic  affinities  where  determinable.  Pyrite  is 
abundant  in  them,  and  secondary  quartz  is  in  large  amount  in 
them.  Scapolite  has  formed  at  the  expense  of  the  feldspar. 
Traces  of  original  biotite  and  hornblende  occur,  and  magnetite 
is  the  only  prominent  original  mineral  left,  except  an  occasional 
quartz  phenocryst.  A  good  many  of  the  slides  show  silicifi- 
cation.  The  mottled  quartz-bespattered  ground-mass,  so  often 
seen  in  the  more  acid  and  more  altered  varieties,  is  doubtless 
due  to  this  process.  It  is  a  common  condition  in  these  rocks, 
and  is  especially  marked  in  the  ores  and  in  those  specimens 
heavily  charged  with  pyrite.  Silicification  is  the  most  charac- 
teristic alteration  effect  seen  in  the  rocks  of  the  district. 

Volcanic  Ashy  Tuff. — Several  specimens  are  extremely  fine- 
grained, and  lack  all  the  structures  that  are  so  persistent  in  the 
other  rocks.  They  are  evidently  much  altered  also,  which  adds 
to  the  uncertainty  of  their  identification.    The  coarser  ones  are 
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more  satisfactory,  and  are  certainly  tufts.  The  finer  ones  are 
called  volcanic  ash  (Nos.  188-187), 

Shahj  or  Slate. — Two  specimens  (Nos.  140  and  141)  are  very 
uniformly  granular,  black,  very  fine-grained,  in  which  quartz, 
sometimes  interlocking,  can  be  identified.  Besides,  there  are 
multitudes  of  uniformly  distributed  black  specks,  in  part,  per- 
haps iron  oxide,  but,  in  part,  thought  to  be  carbonaceous  mat- 
ter. Small  quartz-veinlets  abound,  especially  in  No.  140.  The 
rock,  a  sedimentary  one,  is  a  silicified  carbonaceous  shale,  and 
occurs  as  an  inclusion  in  one  of  the  trachy-andesites. 

Ores. — ^Not  more  than  10  of  the  specimens  are  ores.  They  are 
all  quartzose.  The  interlocking-grains  are  small,  prevailingly 
of  microscopic  size.  In  some  specimens,  all  original  structures 
are  obliterated  in  the  process  of  silicification  and  mineralization 
that  they  have  endured.  In  a  few,  however,  there  are  satisfac- 
tory traces  of  original  structures  and  minerals, — such  as  origi- 
nal phenocrysts, — ^that  prove  the  igneous  character  of  the  origi- 
nal rock.  J'he  forms  of  the  phenocrysts  have  persisted  after 
everything  else  has  been  lost.  There  is  no  doubt  in  these  cases 
that  the  ores  are  essentially  silicified  porphyry,  and  that  the 
mineralization  has  accompanied  silicification.  Scapolite  occurs 
in  some  of  these  cases.  A  few  show  previous  crushing,  the 
traces  of  brecciation  being  still  preserved.  Therefore,  the  sili- 
cification probably  follows  these  crush-zones  through  the  for- 
mations. Hematite  (No.  188)  occasionally  holds  the  place  of 
original  pyrite.  But  in  the  best  slides  4  metallic  minerals 
occur — all  perfectly  fresh, — ^gold,  pyrite,  a  massive  or  granular 
reddish-bronze,  dark,  metallic  mineral  (unidentified),  and  a 
whitish-gray  columnar  or  acicular  metallic  mineral,  probably 
bismuthinite.  There  are  strong  tests  for  bismuth  from  frag- 
ments of  the  ore,  and  it  is  thought  that  both  the  last  two  min- 
erals (No.  40)  carry  that  element.  The  metallics  are  promis- 
cuously distributed  through  the  siliceous  matrix,  and,  in  the 
same  manner,  through  and  among  each  other.  Doubtless,  they 
were  all  formed  in  the  process  that  involved  the  silicification  of 
the  rock,  and,  in  these  cases  at  least,  they  have  sufiered  little 
change. 
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IV.  List  of  Specimens.* 

The  followiDg  list  of  rock-specimens  gives  the  specific  locali- 
ties and  the  identification ;  the  numbers  correspond  to  those 
on  the  map,  Fig.  1. 

1.  a  86  E.,  250  ft.  from  NW.  cor.  Examiner,  Section  36.    Granite. 

2.  N.  20  E.,  300  ft.  from  S.  side  center  Hantch  Bell,  No.  18,  Section  6.    Fel- 

sitic  andesite. 
8.    Half-way  between  Banner  and  Knickerbocker  mountains,  Section  32.  Mica- 
andesite. 

4.  A  piece  from  near  the  flagstaff  on  Banner  mountain,  as  little  altered  as  could 

be  found,  Section  31.    Indurated  mica-andesite. 

5.  Butte  250  ft  SW.  of  SW.  cor.  of  Blind  Ledge,  Section  33.    Homblende-an- 

desite. 

6.  Butte  1,200  ft.  S.  of  i  cor.  to  Sections  4-33,  Section  4.     Andesite. 

7.  Fine-grained  altered  rock  from  shaft  back  of  hill  on  S.  end  of  Jumbo,  Sec* 

tion  1.     Andesite. 

8.  Float  from  St  Ives,  probably  came  out  of  workings  S.  of  shaft.  Section  86. 

Altered  andesite. 

9.  Dump  about  800  ft.  S.  (?)  of  Portand  Mining  Co.'s  shaft,  Section  12.    Oli- 

yine-andesite. 

10.  Butte  adjoining  W.  side  center  Gold  Coin,  Section  2.    Fyrozene-andesite. 

11.  Bustler  Fraction  W.  side  center,  Section  1.    Andesite. 

12.  Breccia  from  Piedmont  Fraction  ;  this  outcrops  at  foot  of  hill  below  the 

rhyolite,  Section  35.    Andesite  flowage-brecda. 

13.  Gold  Standard  discoyerj,  Section  25.    Andesite. 

14.  Bidge  at  W.  side  cor.  Gold  Watch,  freshest  piece  to  be  found,  Section  29. 

Felsitic  andesite,  scapolite  rock. 

15.  Little  E.  of  K.  side  cor.  Utah,  Section  24.    Andesite. 

16.  Tonapah  Club,  SK  cor..  Section  24.     Pjroxenic  hornblende- andesite. 

17.  N.  lO""  W.,  100  ft  from  Belmont  Queen  discoyerj.  Section  24.    Mica-an- 

desite. 

18.  Oakes  discoyerj.  Section  24.    Andesite. 

19.  Half-way  between  Victor  and  Great  Bend,  Section  19.     Andesite. 

20.  Between  Diamondfield  and  the  Black  Butte  claim.  Section  20.     Andesite. 

21.  Outcrop  near  Nye  and  Esmeralda  Co.'s  boundaiy  stake,  on  road  to  Diamond- 

field,  Section  20.    Andesite. 

22.  200  ft.  a  of  SW.  cor.  of  Black  Butte,  Section  20.     Andesite. 

23.  N.  65°  E.,  140  ft  from  Calico  discoyery,  Section  22,  the  freshest  piece  to  be 

found  in  a  laige  area.    Andesite,  badly  weathered. 

24.  Dike  on  Willows  claim,  Section  27.     Andesite  with  glassy  ground-mass. 

25.  100  ft  NE.  from  SE.  cor.  Hesperion,  Section  30.    Trachyte  tuff,  probably. 

26.  Knickerbocker  mountain,  exact  location  lost.  Section  5.     Indurated  an- 

desite. 

27.  Oro  Goldfield  shaft  dump,  Section  36.    Dacite-porphyry. 

28.  Same,  a  little  away  from  the  shaft     Dacite-porphyry. 

29.  Same,  from  this  yicinity,  Section  36.    Dacite-porphyry. 

30.  From  low  hill  near  NW.  cor.  of  St  Louis.     Dacite-porphyry. 

♦  Collected  by  Mr.  Hastings  and  determined  by  Dr.  Berkey. 
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31,  32.    Jnmbo  Ex.  dump,  Section  36.     Dacite-porphjry. 

33,  34.     From  open  cutN.  of  St.  Ives  shaft.  Section  86.    Dacite-porphyry. 

85.  Knickerbocker  mountain  summit,  Section  4.    Dacite-porphTiy,  indurated 

86.  Typical  sample  of  the  country-rock  carrying  the  yeins.     Dacite-porphyry. 

37.  Florence  rock  from  the  dump,  Section  1.     Altered  dacite,  scapolite  rock. 

38.  Ditto,  heavily  silicified,  Section  1.    Indurated  dacite,  ore. 

39.  Bich  mill-rock,  Florence.     Indurated  dacite,  ore. 

40.  Florence  ore. 

41.  About  300  ft  E.  of  Minnevada  tunnel,  Section  31.    Dacite-porphyry. 

42.  Ditto,  200  ft.  E.  of  tunnel.    Dacite-porphpry  with  pyroxene. 

43.  Dewdrop  shaft,  Section  21.     Dacite. 

44.  Gold  Fountain,  SE.  cor..  Section  20.    Homblende-dacite-porphyry. 

45.  Huntch  Bell,  S.  side  center,  Section  5.    A  much-altered  rock,  either  ande- 

site  or  dacite. 

46.  NE.  cor  Midway  Fraction,  Section  31.    Dacite. 

47.  Ditto,  from  N.  end  of  flow.    Dacite. 

48.  New  York  No.  1  discovery.  Section  33.    Silicified  porphyry. 

49.  500  ft.  SW.  of  SW.  cor.  Union  Jack,  Section  1.    Silicified  and  scapolitic 

rock. 

50.  51.     Butte,  1  mile  S.  of  town,  Section  11,     Dacite-porphyry. 

52.  Wild  Horse  claim,  S.  end,  lower  flow  butting  against  mesa,  Section  11. 

Dacite. 

53,  54.     Wild  Horse  claim,  S.  end,  lower  flow  butting  against  mesa,  Section  11« 

Olivine-bearing  pyroxene-dacite. 

55,  56.     Same  as  the  last  three,  but  east  of  the  road.    Dacite-porphyry. 

57,  58.    Regarded  as  the  same  rock  as  No.  52,  from  bluff  east  of  lida  road.  Sec- 
tion 14.    Dacite. 

59.  Detached  area  S.  of  No.  59.     Dacite. 

60.  Top  part  of  No.  57  flow.     Oliyine-bearing  pyroxene-dacite. 

61.  Vidley  View — Eclipse  claims,  from  top  of  the  Table  mountain  on  which 

these  claims  are  situate.  Section  12.    Dacite. 

62.  Meda  claim.  Section  7.     Sphemlitic  rhyolite-porphyry. 

63.  Cor.  to  Sections  7,  8,  17,  18,  Section  17.    Rhyolite. 

64.  West  slope  of  Columbia  mountain.    Bhyolite. 

65.  SE.  cor.  Desert  Rose,  No.  1,  the  rock  with  abundant  quartzes  R  of  Sand- 

storm, Section  24.     Bhyolite. 

66.  Lucky  Boy  amended  discovery  ;  the  slates  are  125  ft  wide,  and  west  of  them 

this  rock  outcrops.  Section  36.    Bhyolite. 

67.  68.     From  top  of  Columbia  mountain.     Bhyolite. 

69.  Quartzite  shaft  dump.  Section  20.     Pyrozene-andesite. 

70.  Alhambra,  S.  side  center,  Section  31.    Pyroxene-andesite. 

71.  Just  R  of  intersection  of  Commonwealth  and  N.  Y.  side  lineT  Section  31. 

Pyroxene-andesite. 

72.  600  ft  SE.  of  NE.  cor.  Ida  May,  Section  9.     Pyroxene-andesite. 

73.  Qrasshopper  Nos.  1  and  2,  60  ft  E.  of  E.  and  W.  side  center.  Section  8. 

Pyroxene-andesite. 

74.  75  ft  W.  from  N.  side  center  Huntch  Bell,  No.  9,  Section  31.    Pyroxene- 

andesite. 

75.  Chicago,  SW.  cor.,  Section  33.     Pyroxene-andesite. 

76.  N.  Y.  No.  1  discovery  shaft.  Section  33.     Pyroxene-andesite. 

77.  78.     True  Bell,  W.  side  center,  Section  31.    P3rroxene-ande8ite. 

79.     R  side  center  Ltady  June,  Section  31.     Pyroxene-andesite,  chloritic 
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80.  50  ft  K  of  SW.  cor.  of  Fraction  claim  at  foot  of  east  slope  of  Vindicator 

moantain,  Section  30.     Pyrozene-andesite. 

81.  NE.  cor.  Oold  Staqdard,  Section  25.     Pyrozene-andesite. 

82.  N.  Y.  No.  2,  W.  side  center,  Section  33.     Pjrozene-andesite. 

83.  S.  20°  E.  200  ft  from  SW.  and  SE.  comers  Elizabeth  and  Jack  Babbit 

Fraction,  Section  31.     Pyrozene-andesite. 

84.  Oakes  discovery  shaft,  Section  24.     Pyrozene-andesite. 

85.  200  ft  SW.  of  SW.  cor.  Adams,  Section  25.     Pyrozene-andesite. 

86.  Blackrock  discovery,  Section  24.     Pyrozene-andesite. 
67.    Sections  13-24.     Pyrozene-andesite. 

88.  Clondy  day  dike?  from  shaft.  Section  24.     Pyrozene-andesite. 

89.  Bed  Batte,  N£.  cor.,  Section  19.     Pyrozene-andesite. 

90.  From  hummock  east  of  low  hill  near  NW.  cor.  of  St.  Louis,  Section  36. 

Pyrozene-andesite. 

91.  N.  70°  E.  from  SE  cor.  Bed  Butte,  Section  19.     Pyrozene-andesite. 

92.  Athabasca,  E.  side  cor.,  Section  19.    Pyrozene  (hypersthene)-ande8ite. 

93.  Autumn  discovery.  Section  24.     Pyrozene-andesite. 

94.  Butte  near  Adams  shaft,  Section  25.     Pyrozene-trachy-andesite.        • 

96.    S.  64°  W.,  100  ft.  from  NW.  cor.  Huntch  Bell,  No.  3,  Section  5.   Pyrozene- 
andesite. 

96.  Area  close  to  Florence  shaft  on  the  east,  Section  1.     Pyrozene-andesite. 

97.  Bustler  Fraction,  N.  30°  E.  from  K  side  center,  Section  1.     Pyrozene-an- 

desite. 

98.  99.     From  hill  west  of  Myers  peak,  Section  1.    Pyrozene-andesite. 

100.  Bed  Lion  boundary.  Section  12.    Hypersthene-andesite. 

101.  Location  unknown.     Pyrozene-andesite. 

102.  100  ft  E.  of  S.  side  cor.,  Section  20.     Pyrozene-andesite. 

103.  Top  of  bluS  on  summit,  east  of  Lida  road,  Section  14.     Pyrozene-an- 

desite. 

104.  Summit  of  butte,  south  of  Blue  Bird,  Didsy  No.  2,  and  3  Friends  Fraction, 

and  west  of  Black  Butte,  Section  20.     Pyrozene-andesite. 

105.  Detached  dome  west  of  Tonopah  road.  Gold  Leaf  discovery.  Section  26. 

Hypersthene-andesite. 

106.  107,  108.     Upper  flow  on  mesa  west  and  southwest  of  town,  Section  11.     Oli- 

vine-bearing  pyrozene-andesite. 

109.  Top  of  butte  where  tanks  of  Qoldfield  Water  Go.  are  situated.  Section  2. 

01  i vine-bearing  pyrozene-andesite. 

110.  Upper  flow  on  mesa  at  head  of  gulch  at  Wild  Horse  claim,  A  of  Fig.  1, 

Section  11.    Oil  vine-bearing  pyrozene-andesite. 

111.  112.     E.  of  Fig.  1,  south  end  Wild  Horse  claim.  Section  11.     Olivine-bear- 

ing  pyrozene-andesite. 

113.  From  behind  butte  on  which  water-tank  is  situated,  at  mouth  of  gulch  west 

of  town.     Dike?  Section  10.     Olivine- bearing  pyrozene-andesite. 

114.  Goldfield  Brewery  well.  Section  3.     Olivine-bearing  pyrozene-andesite. 

115.  Well  at  Los  Angeles  Ck).'s  mill  west  of  town,  Section  2.     Quartz-basalt 

116.  Fifty-foot  well,  S.  10  E.,  660  ft  from  Goldfield  Hospital,  Section  2.     Oli- 

vine-bearing pyrozene-andesite. 

117.  Area,  Section  12.    Olivine-bearing  pyrozene-andesite. 

118.  1,650  ft  E.  of  cor.  to  Sections  4,  5,  32,  33.     Olivine-bearing  pyrozene-an- 

desite. 

119.  NW.  cor.  Bed  Lion  Fraction,  Section  7.     Olivine-bearing  pyrozene-an- 

desite. 
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120.  Gapping  of  hill,  100  ft  R  of  W.  side  center  Anaconda,  Section  22.     Oli- 

yine-bearing  pyroxeDe-andente. 

121.  Willows  No.  1,  near  W.  side  center.  Section  27.   Olivine-bearing  pjroxene- 

andesite. 

122.  123.    Myers  Peak,  Section  12.    Olivine-baaalt. 

124.  From  top  of  bluff,  a  little  SE.  of  sammit,  on  Lida  road,  Section  14.   Olivine- 

basalt 

125.  Alvarado,  SE.  cor.,  Section  13.    01iTine*bearing  pTrozene-andesite,  near 

basalt 

126.  Grabstake  Fraction,  on  S.  side  of  SW.  cor.,  Section  4.    Olivine-bearini^ 

pyrozene-andesite,  near  basalt 

127.  High  water,  SW.  cor.,  Section  19.    OliTine-bearing  pjrozene-andesite,  near 

basalt 

128.  From  top  of  bluff,  a  little  east  of  Lida  road,  after  crossing  summit,  Secftioii 

14.    Pyrozene-andesite. 

129.  Lower  flow  on  malapais  mesa,  near  divide  on  Lida  road,  S.  of  town,  W.  of 

road,  SR  cor.  of  map.     Felsite. 
180.    Normal  piece  from  lower  flow  on  mesa,  SW.  of  town,  Section  11.    Felaita. 
183,  184.    Desert  Bose  No.  1,  Section  24.    Volcanic  ash. 
135.    Tonopah  Qub,  Section  24.    Volcanic  ash. 
186.    Locality  unknown.    Volcanic  ash. 

137.  Near  Tinhorn,  Section  5.     Volcanic  tu£ 

138.  An  indurated  rock  of  doubtful  identity. 

139.  West  slope  Columbia  mountain,  near  foot,  Section  85.    Tuff. 

140.  Lucky  Boy,  inclusion  in  alaskite  and  rhyolite.  Vindicator  mountain,  Sec- 

tion 36.    Indurated  shale. 

141.  SW.  end  of  Columbia  mountain,  inclusion  in  alaakite  and  rhyolite,  princi* 

pally  former,  Section  35.     Black  slate  or  indurated  shale. 

142.  143.     Locality  unknown.    Silicified  rock,  indurated  porphyry. 
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SECTION  I. 

INSTITUTE  ANNOUNCEMENTS. 

This  section  contains  announcements  of  general  interest  to 
the  members  of  the  Institute  but  not  always  of  sufficient  per- 
manent value  to  warrant  republication  in  the  volumes  of  the 
Transactions. 


OFFICERS. 

For  the  year  ending  February,  1907. 

Council.'*' 

P&ESII>£NT  OF  THE  COUNCIL. 

ROBERT  W.  HUNT Chicago,  Ilu 

(Tenn  expires  February,  1907.) 

Vicb-Pbesidents  of  the  Council. 

WILLIAM  P.  BLAKE Tucson,  Ariz. 

THOMAS  F.  COLE Duluth,  Minn. 

IRVING  A.  STEARNS Wilkes-Babre,  Pa. 

(Term  expires  February,  1907.) 

HENRY  M.  HOWE New  York,  N.  Y. 

J.  B.  GRANT Denver,  Colo. 

JAMES  D.  HAGUE New  York,  N.  Y. 

(Term  expires  February,  1909.) 

Councilors. 

F.  L.  GRAMMER Baltimore,  Md. 

JOSEPH  HART8H0RNE PorrarowN,  Pa. 

CHARLES  H.  SNOW New  York,  N.  Y. 

(Term  expires  February,  1907.) 
A.  A.  BLOW Washington,  D.  C. 

FRANK  LYMAN New  York,  N.  Y. 

T.  A.  RICKARD San  Franctsco,  Cal. 

(Term  expires  February,  1908.) 

THEODORE  DWIGHT .New  York,  N.  Y. 

WALTER  WOOD Philadelphdl,  Pa. 

WM.  FLEET  ROBERTSON Victoria,  B.  C,  Can. 

(Term  expires  February,  1909.) 

Secretary  of  the  Council. 

R.  W.  RAYMOND,  No.  99  John  Street New  York,  N.  Y. 

(Term  expires  February,  1907.) 

Assistant  Secretary  and  Editor. 
JOSEPH  STRUTHERS : New  York,  N.  Y. 

(trorporation. 

JAMES  GAYLEY,  President ;  JAMES  DOUGLAS,  Vice-President ;  R  W. 

RAYMOND,  Secretary  ;  FRANK  LYMAN,  Treasurer  ;  JOSEPH 

STRUTHERS,  Assistant  Secretary  and  Assistant  Treasurer. 

Directors. 

JAMES  GAYLEY,  FRANK  KLEPETKO,  FRANK  LYMAN. 
(Term  expires  February,  1907.) 

JAMES  DOUGLAS.,  JAMES  F.  KEMP,  ALBERT  R  LEDOUX 
(Term  expires  February,  1908.) 

THEODORE  DWIGHT,  CHARLES  H.  SNOW,  R  W.  RAYMOND. 
(Term  expires  February,  1909.) 

Consulting  Attorneys,  Blair  <Sc  Rudd,  New  York,  N.  Y. 

*  Secretary's  Note. — ^The  Council  is  the  professional  body,  having  charge  of 
the  election  of  members,  the  holding  of  meetings  (except  business  meetings),  and 
the  publication  of  papers,  proceedings,  etc  The  Board  of  Directors  is  the  body 
legally  responsible  for  the  business  management  of  the  Corporation,  and  is  there- 
fore, for  convenience,  composed  of  members  residing  in  New  York. 
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For  the  convenience  of  persons  who  desire  to  file,  or  other- 
wise use  separately,  the  technical  papers  in  Section  11.  of  the 
Bulletin,  each  of  these  papers  has  been  paged  and  wired  by 
itself;  the  whole  collection  being  held  together  by  a  single, 
heavy  wire,  upon  the  removal  of  which  it  will  fall  apart  into 
individual  pamphlets,  substantially  like  those  formerly  issued. 

A  small  stock  of  separate  pamphlets,  duplicating  the  tech- 
nical papers  given  in  Section  II.  of  this  Bulletin,  is  reserved  for 
those  who  desire  extra  copies  of  any  single  paper. 

All  communications  concerning  the  contents  of  this  Bulletin 
should  be  addressed  to  Dr.  Joseph  Struthers,  Assistant  Secre- 
tary and  Editor,  99  John  St.,  New  York  City  (P.  0.  Box  228 ; 
Telephone  number  5477  John). 
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UNITED  ENGINEERING  SOCIETY 
BUILDING. 

Although  the  noble  building  provided  in  New  York  City  by 
Mr.  Carnegie  for  the  United  Engineering  Society  has  been 
pushed  to  about  half-completion,  the  ceremony  of  laying  its 
corner-stone  was  not  performed  until  Tuesday  afterYioon,  May  8, 
1906.  The  stone  lies  just  back  of  the  southeast  corner  of  the 
building,  on  the  north  side  of  West  39th  Street. 

Among  those  present  were  Mr.  and  Mrs.  Carnegie,  Miss 
Whitfield,  the  sister  of  Mrs.  Carnegie,  Ralph  W,  Pope,  Secre- 
tary of  the  Institute  of  Electrical  Engineers,  Frederick  R.  Hut- 
ton,  Secretary  of  the  Society  of  Mechanical  Engineers,  Rossiter 
W.  Raymond,  Secretary  of  the  Institute  of  Mining  Engineers, 
Charles  H.  Haswell,  the  first  Chief  Engineer  of  the  United 
States  Navy  (1836-1861),  now  in  his  ninety-seventh  year,  John 
Fritz,  of  the  Bethlehem  Steel  Company,  William  H.  Fletcher, 
President  of  the  Engineers'  Club,  E.  E.  Olcott,  President  of 
United  Engineering  Society,  and  other  interested  friends. 

After  an  inspection  of  the  interior  of  the  building,  the  group 
formed  about  the  corner-stone,  which  had  been  draped  with  the 
American  flag.  The  exercises  were  opened  by  Mr.  Olcott,  who 
appropriately  welcomed  Mr.  Carnegie,  and  briefly  expressed 
the  essential  value  of  the  building,  saying,  in  part : 

**  The  societies  to  be  housed  nndemeath  this  roof  have  as  their  aim  the  pre- 
serviDg  and  putting  in  tangible  form  of  the  records  of  scientific  accomplishments 
so  as  to  avoid  the  repetition  of  mistakes.  The  possibility  of  finding  the  records 
of  these  results  all  at  one  center,  so  near  the  great  Public  Library  of  our  city,  will 
be  an  inestimable  advantage  to  all  professions.  It  is  an  occasion  of  no  ordinary 
moment,  therefore,  when  we  can  welcome  Mr.  Carnegie  and  have  him  lay  for  us 
the  coraer-stone  of  this  great  building  which  his  liberality  has  provided." 

Mr.  Carnegie  responded  in  happy  vein,  thanking  the  com- 
mittee for  their  greeting,  and  expressing  his  pleasure  in  being 
able  to  do  what  he  had  done  to  further  so  worthy  a  cause. 
Among  other  things,  he  said : 

Go  over  to  the  capitals  of  Europe,  and  you  will  find  in  littleibuildings  the  elec- 
trical engineers  here,  the  mechanical  engineers  there  and  the  mining  engineers 
yonder,  about  a  mile  or  more  apart ;  and  yet  they  think  that  they  can  keep  pace 
with  our  engineers  in  a  country  where  they  meet  and  consult  together.  The  prin- 
ciple of  union  in  sciencejs  of  as  vital  importance  as  in  political  affairs. 
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A  moment  a^  there  came  to  my  mind  a  little  quotation  from  Kipling.  It  was 
about  a  Scotch  engineer.  I  can  usnally  quote  from  memory,  but  I  cannot  just  now. 
Anyway,  it  described  a  very  pious  Presbyterian  Scotch  engineer  sitting  before 
his  engine,  admiring  it.    He  gave  all  the  credit  for  the  eagine  to  God. 

But  there  followed  seyen  days'  battling  in  the  ice  and  three  days  in  the  currents 
of  the  ocean.    Then  said  the  engineer  : 

**  O  Lord,  Ye  ken  Ye  need  an  engineer ! " 

So  He  did.  And  the  world  would  be  a  pretty  poor  place  without  them.  Now, 
I  hope  they  will  complete  and  get  into  the  building,  and  soon  inyite  us  to  the  first 
banquet. 

Mr.  T.  C.  Martin,  Secretary  of  the  Committee  of  Arrange- 
ments, now  presented  to  Mrs.  Carnegie  a  silver  trowel,  thus  in- 
scribed : 

TROWEL 

used  by 

Mrs.  Andrew  Carnegie 

,  in  laying  the 

Cornbr-Stonb 

of  the 

Engineering  Societies 

Building 

May  S,  1906. 

Mrs.  Carnegie  advanced  to  the  comer-stone  and  deposited 
in  the  lead  box  for  enclosure  within  the  stone  a  little  case,  con- 
taining a  proof  set  of  United  States  coins  of  1906, — ^gold  pieces 
of  |20,  |10,  J5,  t(2.50;  silver  pieces  of  50c.,  25c.,  lOc,  5c. ;  and 
a  1  cent  piece ;  also  a  gold  plate  prepared  by  the  Society  of 
Mechanical  Engineers,  on  which  was  engraved  the  presentation 
letter  from  Mr.  Carnegie,  as  follows : 

New  York,  February  14,  1906. 
Gentlemen^  American  Society  Civil   Engineers^  American  Society 
Mechanical  Engineers^  American  Institute  Mining  Engineers^ 
American  Institute  Electrical  Engineers^  and  the  Engineers^ 
Club. 
It  will  give  me  great  pleasure  to  give,  say,  one  million 
dollars*  to  erect  a  suitable  union  building  for  you  all,  as 
the  same  may  be  needed. 

with  best  wishes,  truly  yours, 

Andrew  Carnegie. 

*  Subsequentlj  increaaed  to  11,500,000,  which  includes,  besides  the  buildiug 
for  the  Societies,  the  house  of  the  Eugineers'  Club. 
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The  lead  box,  the  further  contents  of  which  are  listed  below, 
was  now  sealed  and  placed  within  the  stone ;  then  Mrs.  Car- 
negie applied  with  the  trowel  a  little  cement  and  tapped  the 
stone  with  an  ivory  mallet,  thus  completing  the  ceremony. 

The  box  contained,  besides  the  mementoes  put  in  by  Mrs. 
Carnegie,  the  following  articles : 

From  United  Enffineering  Society : 
Chaiter  and  By-Laws. 
Circular  on  Engineering  Bailding. 
Report  of  Ck>mmittee  on  Plans. 
Progress  of  competition  for  selection  of  architects. 
Plans  of  Engineering  Building,  1905. 

From  the  American  Society  Mechanical  Enffineers : 
Year-Book  Society  Mechanical  Engineers. 
Letter-heads,  with  impress  of  seals. 
Grold  plate  with  Carnegie  letter,  as  above. 

From  the  American  Institute  of  Mining  Engineers : 

List  of  Members,  1906,  including  Constitution,  etc. 

Certificate  of  the  Honorary  Membership  of  Andrew  Carnegie. 

Memorial  Volume  of  A.  L.  Holley. 

Biographical  Notice  of  Eckley  B.  Coze. 

Biographical  Notice  of  R.  P.  Bothwell. 

Biographical  Notice  of  Abram  S.  Hewitt. 

Biographical  Notice  of  T.  Sterry  Hunt. 

Biographical  Notice  of  T.  M.  Drown. 

Biographical  Notice  of  Thomas  Egleston. 

Biographical  Notice  of  J.  P.  Lesley. 

Biographical  Notice  of  Joseph  Le  Conte. 

Copies  of  Vols.  I.  and  XXXV.  of  Transactions, 

Portrait  of  present  Secretary. 

From  the  American  InstUnUe  of  Electrical  Engineers ; 

Proceedings  of  Electrical  Engineers,  bound  Volume  XXFV. 
List  of  Members. 
Announcement  of  Meetings. 
Mailing  List 

From  the  Engineertf  Cluh  : 
Annual  Report,  1904. 
Pamphlet  describing  Engineers'  Club  New  Building. 

Seient^  American  of  May  5,  1906. 

Harper* 8  Weekly  of  April  21,  1906. 

New  York  Morning  Sun,  Press,  Times,  Tribune,  Herald  of  May  8,  1906. 

New  York  Evening  Sun,  Evening  Post,  Evening  Mail  of  May  8,  1906. 

Messrs.  Hale  &  Rogers,  the  architects,  furnish  the  following 
condensed  statement  of  the  present  condition  of  the  building : — 


To  face  p.  viil. 
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ViKW  OF  THE  United  Engineering  Society  Building,  Nos.  25  to  33  West 
39th  St.,  New  York  City,  Taken  May  3,  1906. 
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"  Since  the  last  photograph  was  published  in  the  March  Bul- 
letin^ the  work  on  the  Engineering  Building  has  gone  ahead 
steadily  and  rapidly.  The  steel  structural  work  at  the  present 
time  is  practically  finished.  The  terra-cotta  floors  and  roof 
have  been  put  in  place,  and  the  exterior  brick  and  terra-cottA 
work  has  reached  the  library  floor. 

"  In  the  photograph  on  the  foregoing  page,  one  notices  at  the 
very  top  of  the  building  a  series  of  projecting  frame-work. 
These  projections  are  not  the  frame  for  the  cornice,  but  are  a 
part  of  the  paraphernalia  used  with  the  modern  exterior  scaf- 
folding, which  is  raised  and  lowered  at  will. 

"  The  body  of  the  structure  is  buff  brick,  which  harmonizes 
well  with  the  limestone  below  and  the  terra-cotta  trimmings. 
The  window-framing,  which  is  being  put  in  place,  is  of  metal, 
as  required  by  law. 

"  The  corner-stone  for  the  building,  laid  on  May  8, 1906,  can- 
not be  seen  in  the  photograph,  but  it  is  just  next  to  the  brown- 
stone  house  on  the  right-hand  side  of  the  building,  behind  the 
outdoor  stair-rail. 

"  In  the  next  four  months  building  should  go  ahead  very  rap- 
idly. When  everything  is  satisfactorily  closed  in,  about  June 
1,  the  work  of  plastering  will  be  begun,  and  the  drying  out 
will  be  in  good  summer  weather. 

"  The  architects  have  practically  finished  the  interior  detail 
drawings,  and  the  sub-contractors  are  already  preparing  their 
materials  for  the  marble-work,  w^ood-work,  etc.,  that  will  go  in 
within  the  next  few  months." 

Thus,  the  main  construction  of  the  new  building  is  nearly 
completed,  and  it  is  hoped  that  occupation  may  be  possible  by 
January  1,  1907.  The  cost  of  the  building  will  be  about 
Jl,050,000;  the  remainder  of  the  additional  half-million  given 
by  Mr.  Carnegie  going  to  the  new  building  of  the  Engineers' 
Club,  now  erecting  on  West  40th  Street,  adjoining  the  Engi- 
neering Society  Building  on  West  39th  Street.  The  ground 
purchased  by  United  Engineering  Society  for  the  general  build- 
ing has  cost  J502,000,  which  sum  is  represented  by  4  per  cent, 
bonds,  the  principal  of  which  has  been  advanced  by  Mr.  Car- 
negie in  addition  to  his  generous  gift  of  the  building,  and 
which  are  to  be  paid  by  the  three  societies  in  annual  instal- 
ments, covering  20  years. 
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LIBRARY. 

Accessions. 
From  F^roary  16  to  Maj  8,  1906. 

American  Association  for  the  Advancement  of  Sci- 
ence* 

American  Association  for  the  Advancement  of  Sci- 
ence.    Proceedings.     Vol.   54.     8vo.     Washington,  1905. 
American  Electrochemical  Society. 

American  Electrochemical  Society.  Transctctions.  Vol. 
8.     Svo.    Philadelphia,  1906. 
Mrs*  H.  M*  Boies. 

Mills,  L.  F.  and  Others.     Henry  Martin  Boies.     Appre- 
ciation of  his  Life  and  Character,     xiii,  297  p.  pi.  por. 
Svo.     New  York,  1904. 
Bureau  of  C^eolosry  and  Mines  of  Missouri. 

Missouri  Bureau  of  Geology  and  Mines.    Report   Vol. 
iv,  2d  Series.     Svo.     Jefferson  City,  1905. 
Canadian  Society  of  Civil  Engineers,  Montreal. 

Dawson,  W.  B.     Tide  Levels  and  Datum  Planes  on  the 
Pacific  Coast  of  Canada,     22  p.     Svo. 

Fbllowes,  C.  L.     Toronto's  Experience  with  Conduits.     7 
p.     Svo. 

GoLDMARK,  Henry.     Formulas  for  Reinforced  Concrete 
Beams.     25  p.     Svo. 
Civil  Engineers  Club  of  Cleveland,  Ohio. 

Civil  Engineers  Club  of  Cleveland.     Annual  Register 
and  Constitution^  April  1, 1906.    49,  xxiv.  p.    12mo.    Cleve- 
land, 1906. 
Department  of  Mines  of  Nova  Scotia. 

Nova  Scotia — ^Department  of  Mines.     Report^  1905. 
Svo.     Halifax,  1906. 
Department  of  Mines  of  Pennsylvania. 

Pennsylvania — Department  of  Mines.     Report  (Bitu- 
minous), pt.  2.     Svo.     Harrisburg,  1906.. 
A.  Faber  du  Faur. 

Karstbn,  C.  J.  B.    Handbuch  der  Eisenhilttenhmde,    Vol. 
5.     Svo.     Berlin,  1S41. 


xii  Bi-MoNTHLY  Bulletin,  No.  9,  May,  1906. 

Geological  Survey  of  Victoria. 

Victoria  Geological  Survey.  BuUetin.  Nos.  1-11, 
18-17.     8vo.     Melbourne,  1903-'05. 

Contents :  No.  I.  The  Geology  of  the  Berry  Lead  at  Spring  Hill  and  Central 
Leads,  by  J.  W.  Gregory.  No.  2.  The  Pyrenees  Gold-Fields,  by  W.  Bradford. 
No.  3.  The  Rocky  Lead  District,  Daylesford,  by  W.  Bradford.  No.  4.  The  fin- 
field  Gold-Field,  by  AV.  Bradford.  No.  5.  The  Dnnolly  Gold-Field,  by  W.  Brad- 
ford. No.  6.  The  Qunes  Gold-Field,  by  W.  Bradford.  No.  7.  TheStawell  Gold- 
Field,  by  W.  Bradford.  No*  8.  Instructions  for  the  Use  of  the  Aneroid  Barome- 
ter, by  J.  W.  Gregory.  No.  9.  The  Dunolly-Wedderbum  Gold-Fields,  by  W. 
Bradford.  No.  lU.  The  Egerton-Gordon  Gold-Field,  by  W.  Bradford.  No.  II. 
The  Harrietville  Gold-Field,  by  W.  Bradford.  No.  13.  The  Berringa  Gold-Field, 
by  W.  Bradford.  No.  14.  The  Maiden  Gold-Field,  by  W.  Bradford.  No.  15. 
The  Nerrena  or  Little  Bendigo  Gold-Field,  by  AV.  Bradford.  No  16.  The  Mona- 
site  Deposit  at  Pinch  Swamp  Creek,  Bonang  District,  County  of  Croajingolong, 
by  M.  Copland.  No.  17.  The  Newbridge  Gold-Field,  by  S.  R  Hunter,  with  an 
Appendix  on  the  Matrix  or  McEnvoy's  Reef,  Rheola,  by  £.  J.  Dunn. 

Memoirs.   Nos.  1-3.     f°.    Melbourne,  1903  '05. 

Contents :  No.  I.  The  Chiltem  Gold-Field,  by  S.  B.  Hunter.  No.  2.  The  Caa- 
tlemaine  Gold-Field,  by  W.  Baragwanath,  Jun.  No.  3.  The  Wood's  Point  Gold- 
Field,  by  O.  A.  L.  Whitelaw,  with  Appendix  on  the  Propylitic  Diorites  and  As- 
sociated Rocks  of  the  Wood's  Point  Gold-field,  by  J.  W.  Gregory. 

Records,  Vol.  1.     Pts.  1-3.     8vo.   Melbourne, 

1902-'04. 
H.  P.  Gillette. 

Gillette,  H.  P.  Handbook  of  Cost  Data  for  Contractors 
and  Engineers,  xii,  610  p.  il.  12mo.  New  York,  1906. 
(J4.00  net,  postpaid). 

[Secretasy's  Note. — The  author  of  this  book  is  already  well-known  to  engi- 
neers and  contractors  through  his  monographs  on  '' Rock-Excavation,  Methods 
and  Cost,"  *'  Earth  Work  and  its  Cost,"  and  ''  Economics  of  Road  Construction." 
The  present  manual,  a  610-page  volume  of  pocket-sise,  contains  summaries,  for^ 
mulas,  examples  and  suggestions  concerning  methods  of  cost-keeping,  the  prepa- 
ration of  estimates  and  the  cost  of  various  operations,  including  excavation  of  earth 
and  of  rock  ;  quarrying ;  crushing ;  the  working  of  roads,  pavements  and  walks, 
stone-masonry ;  structures  in  concrete ;  water-works,  sewers,  conduits  and  drains ; 
piling,  trestling  and  timber-work ;  the  erection  of  buildings ;  steam  and  electric 
railways ;  the  erection  and  painting  of  bridges ;  railway  and  topographic  surveys, 
and  numerous  other  operations.  A  survey  of  its  comprehensive  and  carefully  ar- 
ranged contents  inspires  the  belief  that  it  must  be  extremely  valuable  to  people 
of  two  classes :  those  who  are  already  and  those  who  are  not,  but  desire  to  become 
acquainted  with  the  practical  problems  of  which  it  treats. — R.  W.  R]. 

Charles  Griflftn  and  Company. 

Rose,  T.  K.  Metallurgy  of  Gold.  Ed.  6.  xiii.,  534  p. 
il.  pi.     8vo.     London,  1906. 
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[Bscretaby'sNote. — This  is  one  of  the  admirable  series  of  Metallurgical  text- 
books, prepared  under  the  general  editorial  supervision  of  the  late  Prof.  Roberts- 
Austin.  The  first  edition  appeared  in  1894 ;  a  second  was  immediately  called  for ; 
and  a  third  and  fourth  followed  at  brief  intervals.  In  this  fifth  edition,  the  name 
of  Roberts-Austin  no  longer  appears  upon  the  title  page  ;  but  the  reputation  of  Dr. 
Rose,  who  prepared  under  his  direction  the  first  edition  furnishes  ample  guaranty 
of  the  authority  and  value  of  the  treatise.  Br.  Rose  has  omitted  from  this  edition 
some  material  which  had  lost  value  through  the  lapse  of  time,  and  added  much 
information  of  more  recent  date  needed  to  bring  up  to  date  the  record  of  prog- 
ress in  the  treatment  of  gold-bearing  ores.  The  new  matter  includes  an  entire 
chapter  on  the  re-grinding  of  gold-bearing  material  for  a  second  treatment — ^a 
subject  which  has  commanded  of  late  much  attention. — R.  W.  R] 

Hoofdbureau  von   het  Mtjnwezen  in  Xederlandsch 
Oest-Indie. 

Jaarboek  van  het  Mijnwezen  in  Nederlandsch  OesUlndie. 
Year  34,  1905.     8vo.     Batavia,  1905. 
P.  G.  Holms. 

Holms,  P.  G.  Directory  of  Agencies,  Mines  and  Haciendas j 
1905-1906.     8vo.     Mexico,  1905.     (Price,  JIO.OO.) 

[Secretary's  Note. — ^This  directory,  compiled  with  the  cordial  approval  of 
President  Dias  and  the  Ministers  of  the  Department  of  the  Republic  of  Mexico 
most  directly  concerned  in  such  a  work,  as  well  as  the  assistance  of  the  Governors 
of  the  several  States  of  Mexico,  the  managers  of  Mexican  mines  and  the  commer- 
cial agents  in  the  Republic  of  domestic  and  foreign  houses  will  be  highly  valuable, 
not  to  say  indispensable,  to  all  who  need  such  a  comprehensive  and  accurate  guide 
to  the  industries  of  Mexico  and  their  representatives.  For  the  eonvenienoe  of 
American  readers,  all  important  terms  are  given  in  English,  as  well  as  in  Spanish. 
In  fact,  the  English  language  largely  predominates  in  its  pages.  The  book  con- 
tains, in  372  pages  of  ordinary  octavo  size,  an  immense  number  of  addresses,  duly 
classified,  and  accompanied  with  much  pertinent  and  useful  information.  The 
table  of  mines,  for  instance,  gives  the  name  and  address  of  the  company  or  indi- 
vidual owner ;  the  name  of  the  mine  and  of  the  resident  manager  ;  the  metal  or 
metals  produced  ;  the  kind  of  power  employed  ;  the  number  and  nature  of  mills, 
etc. ;  the  capacity  of  the  mills  ;  cyanide  plants  or  smelting  furnaces ;  and  the 
number  of  men  employed.  A  new  enlarged  and  improved  edition  is  said  to  be 
already  in  press. — R.  W.  R.] 

Illinois  Central  Railroad  Company. 

Illinois  Central  Railroad  Company.    Anniial  Report^ 
64th.     f*.     Chicago,  1904. 
Institution  of  Mining  and  Metallurgry. 

Institution  of  Mining  and  Metallurgy.  Bulletin  Nob. 
18,  19.     8vo. 

Bannister,  C.  O.  On  the  Assay  of  Auriferous  THn-Stone, 
7  p.     8vo. 

Collins,  E.  A.  Notes  on  a  Prospecting  Shaft  in  the  Gold- 
field  District,  Goldfield,  Nevada,     3  p.     8vo. 
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Institution  of  Mining  and  Metallurgy. 

Collins,  E.  A.     On  the  Use  of  the  Impact  Screen  in  Ttn 
Dressing.     2  p.     8vo. 

Hill,  L.  H.     The  HydrauUc  Filling  of  a  Coal  Seam  at 
LenSy  Pas  de  Calais,  France,     12  p.     il.     8vo. 

Macdonald,  W.  F.     The  MitcheWs  Creek  Ghld  Mines,  New 
South  Wales.     14  p.  il.     8vo.     London,  1906. 

Marks,  F.  S.  and  Marks,  G.  N.     The  Bucket  Dredging 
Industry.     43  p.  il.     8vo. 

Morris,  C.  J.     The  Production  of  High  Orade  Gold  Bul- 
lion from  ZinC'Box  Precipitates.     5  p.     8vo. 

Pettit,  a.  E.     Sinking,  Development  and   Underground 
Equipment  of  Deep  Level  Shafts  on  the  Band.    34  p.  il.   8vo. 

Sleeman,  H.  R.     The  DetaUed  Mapping  of  Sloping  Areas. 
7  p.  il     8vo. 

Note. — The  above  pamphlets  are  published  separately,  by  the  Institution  of 
Mining  and  Metallurgy.  For  information  regarding  them,  address  the  Secretary, 
C.  McDermid,  London,  Eng. 
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SECTION  II. 

TECHNICAL  PAPERS  AND  DISCUSSIONS. 

[The  American  Institute  of  Mining  Engineers  does  not 
assume  responsibility  for  any  statement  of  fact  or  opinion 
advanced  in  its  papers  or  discussions.] 


A  detailed  list  of  the  papers  contained  in  this  section  is  given 
in  the  Table  of  Contents,  pages  i  and  ii. 


Comments  or  criticisms  upon  all  papers  given  in  this  sec- 
tion, whether  private  corrections  of  typographical  or  other 
errors  or  communications  for  publication  as  "Discussions,"  or 
independent  papers  on  the  same  or  a  related  subject,  are  earn- 
estly invited. 


Erratum. 
Correction  to  BirMonthly  Bulletin^  No.  8,  March,  1906. 

Page.  Line. 

1  22         for  "  161  "  read  «  139." 


gUBJ»CT  TO  BEViaioy. 

[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MININQ  ENGINEERS.] 


A  Reference-Scheme  for  Mine- Workings. 

BY  WILBUR  E.  SANDERS,  E.  M.,  HELENA,  MONT. 
(Bethlehem  Meeting,  February,  1906.) 

At  some  period  during  the  operation  of  metalliferoas  and 
other  commercially  valuable  mineral-deposits  in  connection  with 
their  underground  mining,  when  the  developments  therein  have 
become  so  extensive  that  their  description  is  tedious  and  con- 
fusing, some  scheme  for  naming  or  numbering  the  various 
workings  and  their  parts  is  necessary  for  convenience  of  refer- 
ence. A  simple  and  symmetrical  yet  expansive  system  of  classi- 
fication must  be  devised,  one  that  is  capable  of  being  extended 
to  cover  all  possible  exigencies  and  conditions  of  future  opera- 
tions within  the  property. 

Such  a  scheme,  properly  arranged,  greatly  simplifies  com-  v 
munication  between  the  various  departments  of  the  mining 
business,  as,  for  instance,  between  the  administrative  and  the 
operating  departments  of  the  concern,  and  is  of  the  greatest 
assistance  to  the  oflicers  of  the  mine  in  enabling  them  to  locate 
and  describe  particular  points  and  parts  of  workings  and  specific 
kinds  of  work.  Again,  in  the  proper  segregation  and  differen- 
tiation of  mine-accounte,  when  they  are  carried  out  with  that 
detail  which  will  furnish  ready  information  concerning  the  cost 
of  a  particular  piece  of  work,  or  the  various  items  and  totals  of 
expense  connected  with  the  development,  operation  and  repair 
of  each  or  all  of  the  mine-workings,  some  such  method  of  des- 
ignation becomes  a  necessity.  Moreover,  such  a  plan  is  ad- 
mirably adapted  to  the  needs  of  the  mining  engineer,  who,  in 
connection  with  his  reports  upon  mining-properties,  is  some- 
times required,  in  his  descriptions  of  certain  blocks  of  ore,  to 
locate  lists  of  assays  of  samples  taken  from  many  and  various 
places,  and  to  designate  workings  and  parts  of  workings  that 
are  located  in  different  parts  of  the  mine,  sometimes  at  points 
wide  apart. 

To  write  out  in  full  a  suflScient  description  of  any  particular 
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locality  or  working  of  a  mine,  or  even  to  explain  the  locations 
from  which  a  lot  of  samples  have  been  taken,  would  be  far  too 
cumbersome  for  practical  purposes,  and  such  a  description 
would  lack  the  essentials  of  systematic  classification.  For  cases 
in  which  many  and  extensive  developments  are  involved,  the 
scheme  may  be  founded  upon  some  progressive  system  that 
will  designate  points  and  parts  of  workings  and,  by  inference, 
the  operations  that  are  being  carried  on  therein;  and  these 
results  being  obtained,  they  should  be  capable  of  concise  ex- 
pression, stenographically,  by  symbols.  The  plan  must  be  such 
in  principle  that  it  may  be  made  to  apply  to  all  classes  of  un- 
derground mining,  and  be  capable  of  fulfilling  all  the  require- 
ments that  future  extension  of  the  mine-workings  shall  demand 
of  it. 

For  the  purpose  of  illustration,  assume  that  the  Old  Glory 
quartz-lode  mining-claim  (Fig.  1,  plan^  and  Fig.  2,  longitudinal 
section),  contains  a  single  fissure-vein  that  outcrops  upwards 
along  the  face  of  a  hill,  and  which  is  developed  within  the  vein 
along  its  strike,  by  the  adits,  a,  of  A  and  B  tunnel-levels,  and 
the  interior  drifts,  d,  of  Nos.  1,  2,  4  and  5  levels,  together  with 
intermediate  drifts  and  workings;  the  dip  of  the  vein  being 
at  a  steep  angle  towards  the  south.  Furthermore,  the  mine  is 
developed  in  depth  by  a  main  vertical  working-shaft,  i?,  and 
two  subsidiary  inclined  shafts,  i,  the  latter  sunk  on  the  vein. 
The  levels  of  the  mine  comprise  the  adits,  «,  the  storage-junc- 
tions or  stations,  J,  at  the  junctions  of  horizontal  workings  with 
the  principal  inclined  and  vertical  shafts,  the  cross-cuts,  x,  run 
from  the  stations  of  the  vertical  shafts  to  intersect  the  vein  at  the 
level  of  the  different  stations,  the  drifts,  d,  run  from  such  cross- 
cuts horizontally  along  or  near  the  vein,  together  with  other 
connected  and  related  interior  workings. 

Within  the  vein,  for  purposes  of  exploitation,  ventilation  and 
communication,  and  for  the  extraction  of  ores,  other  workings 
have  been  constructed;  raises,  r,  have  been  carried  upward 
from  the  several  drifts  and  adits  into  blocks  of  ground  over- 
head that  contains  the  ore-deposits  of  the  levels  (when  such 
bodies  are  attacked  by  overhand  stoping),  or  into  and  through 
barren  ground  for  purposes  of  ventilation;  winzes,  t/?,  have 
been  sunk  below  the  drifts  into  blocks  of  ground  that  contain 
the  ores  belonging  to  the  level  from  which  the  winze  is  sunk 
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when  the  deposit  ie  attacked  by  underhand  stoping,  or  that 
belong  to  the  level  beneath  whenever  thej  are  extracted  from 
that  level ;  stopeB,  Sy  have  been  opened  up  for  the  purpose  of 
winnmg  the  valuable  materials  from  their  places  of  deposit; 
and  chutes,  c,  have  been  built  up  in  order  to  bring  the  broken 
ores  from  the  stopes  to  the  drifts,  that  they  may  be  drawn  into 
vehicles  and  carried  thence  to  surfece,  while  cross-cuts,  x,  have 
been  driven  from  the  various  drifts  into  the  country-rock  to 
either  side  of  the  vein  for  the  purpose  of  prospecting  its  hang- 
ing-wall and  foot-wall  for  ore-bodies,  or  evidence  of  valuable 
minerals.  These  are  the  workings  that  are  of  general  utility 
in  carrying  out  the  processes  of  development  and  operation  of 
a  mining  property. 

Since  the  mine-maps,  drawn  to  a  desirable  scale,  are  a  suffi- 
ciently exact  reproduction  of  the  workings  of  a  mine,  it  foUows 
that  a  plan  for  naming  and  numbering  such  workings  for  ref- 
erence will  begin  with  and  be  developed  from  the  maps,  and, 
for  the  sake  of  reference,  such  a  scheme  must  be  exhibited  upon 
them.  For  the  sake  of  brevity  in  description,  certain  symbols, 
letters  or  figures,  are  employed  to  designate  the  various  mine 
workings,  as  follows : — 

Passagbways. 
Horizontals  ; 

a.  Main  and  subsidiary  exterior  horizontal  passageways, 
as  adits  and  tunnels. 

d.  Main  and  subsidiary  interior  horizontal  longitudinal 
passageways,  as  drifts,  driveways,  gangways,  etc. 

j.  Storage-junctions,  stations  or  platts. 

z.  Main  and  subsidiary  interior  horizontal  transverse  pas- 
sageways, as  cross-cuts,  cross-headings,  etc. 
Inclines  : 

i  Main  and  subsidiary  inclined  shafts. 
Verticals : 

V.  Main  and  subsidiary  vertical  shafts. 
Ways  : 

c.  Chutes,  rock-ways,  mill-holes,  etc. 

L  Ladder-ways,  man-ways,  etc. 

r.  Baises. 

w.  Winzes. 
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Extraction  Placbs. 
s.  Stopes,  stalls,  rooms,  chambers,  etc. 
b.  Backs,  breasts,  bottoms  or  sides,  in  ore. 
p.  Pillars  of  all  kinds. 

It  is  not  probable  that  the  course  or  strike  of  a  vein  will  lie 
exactly  in  a  N-S.  or  in  an  E-W.  direction,  but  in  a  general  way 
its  strike  and  dip  must  be  taken  into  account,  and  made  use  of 
for  the  purpose  of  locating  the  relative  positions  of  the  mine- 
workings,  or  any  part  or  parcel  thereof,  with  reference  to  some 
initial  point  of  the  mine,  at  which,  properly,  our  scheme  may 
be  made  to  begin.  The  vein,  therefore,  lies  horizontally  in  an 
easterly  and  westerly  or  northerly  and  southerly  direction,  and 
any  particular  working  or  part  of  a  working  is  located  and 
arbitrarily  described  as  being  east  or  west  and  north  or  south 
of  our  assumed  initial  point  of  beginning,  the  datum-point  or 
0  of  the  scheme.  Direction  with  reference  to  this  0  point  is 
symbolized  by  the  initial  letter  of  the  bearing  in  capital  form, 
thus:  N.  =  North  or  northerly;  S.  =  South  or  southerly; 
E.  =  East  or  easterly,  and  W.  =  "West  or  westerly. 

Similarly,  as  regards  the  elevations  of  mine-workings,  or  of 
parts  or  parcels  thereof,  being  their  vertical  measurements  above 
or  below  an  assumed  or  accepted  initial  point,  such  distances 
with  regard  to  that  point  are  symbolized  thus;  P  =  (plus) 
above ;  M.  =  (minus)  below. 

Any  and  all  points  of  mine-workings  are  referred,  for  pur- 
poses of  location,  to  a  system  of  base  or  datum-planes  "  00  " 
which  are  passed  through  the  datum  or  "  0  *'  point  of  the 
scheme  in  three  directions  that  are  at  right-angles  to  each 
other,  as  follows :  a  vertical  transverse  datum-plane,  00,  passing 
through  0-point  transversely  across  or  at  right  angles  to  the 
course  or  strike  of  the  vein;  a  vertical  longitudinal  datum- 
plane,  00,  passing  through  0-point  parallel  to  the  strike  of  the 
vein ;  a  horizontal  datum-plane,  00,  passed  through  0-point  at 
right  angles,  or  approximately  at  right  angles,  to  the  vertical 
datum-planes  of  the  system.  By  means  of  these  three  planes 
any  point  whatsoever,  be  it  north,  south,  east  or  west  and  above 
or  below  0  of  the  scheme,  may  be  referred  to  that  dutum  (0) 
by  means  of  co-ordinate  measurements. 

For  purposes  of  measurement  and  description,  three  series 
of  planes  that  are  parallel  to  the  above  datum-planes  are  passed 
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through,  in  connection  with  the  workings  of  the  mine.  Those 
planes,  which  are  passed  parallel  to  the  vertical  transverse  and 
vertical  longitudinal  datum-planes,  are  established  at  intervals 
of  100  ft.,  while  those  which  are  passed  parallel  with  the  hori- 
zontal datum-plane  are  made  to  coincide  with  the  planes  of  the 
floors  of  the  diflferent  levels  of  the  mine,  whatever  may  be  the 
vertical  interval  between  the  workings.  By  means  of  the 
datum-planes  explained  above,  and  the  three  series  of  parallel 
planes  related  to  them  and  connected  therewith,  the  rock- 
masses,  surrounding  and  enclosing  the  workings  of  the  mine, 
are  divided  and  separated  into  cubical  blocks,  any  point  or 
part  of  which  may  be  located  with  reference  to  the  enclosing 
planes,  or  to  0  by  means  of  longitudinal,  transverse  and  verti- 
cal co-ordinates. 

The  series  of  vertical  transverse  planes,  running  north  and 
south,  are  numbered  in  hundreds  of  feet,  the  distances  between 
the  different  planes  and  the  datum-plane  being  thus  symbolized, 
as  being  100,  200  et  seq.  to  the  east  and  to  the  west  of  datum- 
plane.  Similarly,  the  series  of  vertical  longitudinal  planes  run- 
ning east  and  west  are  numbered  in  hundreds  of  feet  to  repre- 
sent the  distances  north  and  south  from  the  datum-plane  of  the 
different  planes  of  the  series,  thus  100,  200  et  seq.  Since  these 
planes  are  numbered  in  hundreds  of  feet,  those  blocks  of 
ground  immediately  adjoining  datum  or  0-poiut  of  the  system 
would  be  0  hundred  east,  or  west,  or  north,  or  south ;  for  the 
reason  that  any  point  in  such  blocks  would  be  0  hundred  east 
or  in  other  directions  plus  the  distance  of  that  point  from  the 
0-point ;  as  a  point  25  ft.  north  of  0  would  be  026,  preferably 
to  be  written  0N25,  or  similarly  0E25  if  25  ft.  eastward  from 
0.  Zero-  or  datum-block  being  thus  established  in  each  direc- 
tion vnth  reference  to  the  scheme  and  to  the  0-point,  other 
blocks  follow  in  sequence,  as  IN",  2N,  etc.,  IE,  2E,  etc.,  IS,  2S, 
etc.,  and  IW,  2W,  etc.  By  way  of  illustration,  points  25  ft. 
from  the  beginning  of  certain  blocks  would  read  thus :  ll!ir25 
in  block  IN;  4E25  in  block  4E;  7S25  in  block  7S;  12W25 
in  block  12W,  the  last  of  the  above  readings  signifying  that 
the  assumed  point  is  1,200  plus  25  ft.  west  of  0  by  the  scheme. 
By  thus  describing  and  writing  the  location  of  a  point,  its  di- 
rection or  bearing,  north,  south,  east  or  west,  or  above  or  below 
datum  or  0,  is  so  placed  that  it  will  separate  the  name  or 
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number  of  the  block  in  which  the  point  is  establiBhed,  from 
the  distance  of  that  point  within  the  block  from  the  beginning 
thereof,  as  signified  by  the  final  numerals  written  as  tens,  thus 
26,  or  06,  etc. 

The  series  of  horizontal  planes  which  are  made  to  coincide 
with  the  floor-planes  of  the  different  levels  are  symbolized  by 
the  designation  of  the  levels  themselves.  The  horizontal 
datum-plane  is  made  to  coincide  with  the  floor  of  the  main 
working-tunnel,  or  with  the  collar  of  the  main  working-shaft 
of  the  mine,  whether  the  same  is  a  vertical  or  inclined  shaft, 
this  being  doubly  the  fact  when,  as  in  the  Old  Glory  lode  as- 
sumed, the  top  of  that  shaft  coincides  with  the  floor-plane  of 
the  main-working,  A  tunnel.  Adit-tunnel  levels,  employed  for 
the  development  of  the  mine  above  the  horizontal  datum- 
plane,  are  designated  by  the  first  letters  of  the  alphabet  in 
capital  form,  as  A,  B,  etc.,  the  floor-plane  of  "A"  level  being 
made  to  coincide  with  the  datum-plane.  The  interior  levels 
employed  for  the  development  and  operation  of  the  mine  from 
the  horizontal  datum-plane  downward  to  the  deep  are  desig- 
nated by  the  numerals  1,  2,  3  et  seq.  in  descending  order.  Ab- 
normal intervals  between  levels  would  call  for  an  omission  from 
the  sequence  in  order  that  intermediate  levels  to  be  constructed 
in  the  future  may  properly  be  designated  in  the  scheme. 

Points  within  the  blocks  belonging  to  the  various  levels  are 
referred  to  the  planes  of  those  levels,  such  points  being  usually 
above,  though  they  may  be  below,  the  floor-planes  thereof. 
For  illustration,  assume  that  the  various  points  are  established  25 
ft.  above  (0P25)  the  floors  of  certain  levels,  within  the  stopes 
belonging  thereto,  which,  under  the  scheme,  would  be  desig- 
nated as  within  the  stopes  of,  and  above,  ISo.  1  level,  ls(0P25) ; 
as  within  the  stopes  of  and  above  No.  5  level,  5s(0P26) ;  as 
within  the  stopes  of  and  above  B  tunnel-level,  Bs(0P26). 
Similarly,  a  point  assumed  to  be  122  ft.  above  (1P22)  the  floor 
of  a  level,  as  within  the  stopes  of  "  B  "  tunnel-level,  would  be 
designated  Bs(lP22).  Likewise,  a  point  assumed  to  be  88  ft 
below  (0M83)  the  floor  of  a  level,  as  No.  1  level,  would  be 
designated  ls(0M83). 

In  designating  points  for  reference  under  the  scheme  the 
first  symbol  to  be  employed  should  be  that  of  the  level  to 
which  a  point  properly  belongs,  as  A,  B,  etc.,  1,  2,  8  ei  seq. 
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Following  the  symbol  of  the  level  comes  the  designation  of 
the  working  within  which  the  point  is  established,  as  a,  d^j^  z, 
i,  t7,  Cj  ly  r,  Wj  8y  etc.,  from  the  legend.  And  succeeding  the 
above  should  be  written  the  symbols  of  location  by  which  the 
point  is  located  in  space  with  reference  to  the  datum-planes  of 
the  system,  and  thereby  to  datum  or  0-point.  These  symbols 
of  location  should  invariably  be  written  in  order,  the  one  fixing 
the  location  of  the  point  in  a  north  and  south  direction  from 
0-point  being  first  noted,  the  one  fixing  the  location  of  the  point 
in  an  east  and  west  direction  from  0-point  being  next  noted, 
while  the  one  fixing  the  location  of  the  point  above  or  below 
the  plane  of  the  level  to  which  it  belongs  should  be  noted  last, 
each  symbol  of  location  being  enclosed  in  brackets.  In  illus- 
tration, a  point  established  105  ft.  north  of  the  longitudinal 
datum-plane,  1,111  ft.  east  of  the  transverse  datum-plane,  and 
within  the  stopes  89  ft.  above  the  floor-plane  of  A  tunnel-level, 
would  read,  A8(1N05)  (llEll)  (0P89).  Similarly,  a  point 
1,221  ft.  south  of  the  longitudinal  datum-plane,  207  ft.  west  of 
the  transverse  datum-plane  and  within  the  stopes  26  ft.  above 
the  plane  of  No.  3  level,  would  be  designated,  3s(12S21)  (2W07) 
(0P26).  If,  instead  of  being  in  the  stopes  above  or  below  the 
plane  of  the  levels,  the  two  points  here  assumed  were  within 
the  adits  and  drift  thereof,  and  therefore  practically  at  the  floor- 
planes  of  the  levels,  the  latter  designation  might  be  discarded 
and  the  descriptions  would  then  read :  Aa(l!N'05)  (llEll),  and 
3d(12S21)  (2W07). 

Fig.  3  exhibits  in  plan  two  horizontal  or  driftworkings,  as 
driven  within  the  vein  along  the  floor-planes  of  Nos.  1  and  2 
levels,  and  shows  the  stations,  bearings  and  distances  estab- 
lished by  the  mine-surveys,  together  with  the  method  by  which 
the  points  of  intersection  of  the  various  planes  of  the  system 
with  the  workings  may  be  located  and  fixed  therein.  In  this 
exhibit,  datum  is  located  at  the  collar  of  the  vertical  main 
working-shaft,  through  which  point  are  passed  the  vertical 
transverse,  the  vertical  longitudinal,  and  the  horizontal  datum- 
planes  at  right  angles  to  each  other,  for  purposes  of  establish- 
ing and  describing  the  locations  of  points  and  parts  of  work 
ings  of  the  mine. 

In  Fig.  8  it  may  be  noted  that  the  drift  of  level  No.  1  bends 
towards  the  north  to  such  a  degree  that  the  plane,  100  ft;,  east  of 
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the  transverse  datum-plane,  instead  of  intersecting  the  working- 
at  a  point  along  its  course  that  is  just  100  ft.  from  the  datum- 
plane  or  survey-station  No.  1,  intersects  it  rather  at  a  point  that 
is  by  survey-courses  50  -f  40  -f  23  =  118  ft.  east  of  survey-sta^ 
tion  No.  1.  Therefore,  in  fixing  this  intersection  at  its  proper 
locus  within  the  working,  we  would  measure  eastward  from  sur- 
vey-station IE,  No.  2,  a  distance  of  23  ft.,  and  the  point  thus 
established  would  mark  the  beginning  of  block  IE,  and  should 
be  so  designated  both  within  the  working  and  upon  the  map. 
Similarly,  from  the  survey-courses,  the  point  of  intersection  of 
the  200-ft.  plane,  the  commencement  of  block  2E  of  the  sys- 
tem, with  No.  1  level,  drift  is  217  ft.  east  of  survey-station  No. 


0  10  Mao  40  MOO  70SOWI00 


Fig.  3.— Old  Globy  Quartz-Lode  Mining  Claim. 
Drift  Workings. 


Plan  of  Two 


1,  and  104  ft.  east  of  the  intersection  of  the  100-ft.  plane  with 
the  drift.  This  point  may  be  established  and  marked  within 
the  drift  by  measuring  eastward  a  distance  of  48  ft.  from  sur- 
vey-station IE,  No.  4.  The  various  points  at  which  the  divi- 
sional planes  of  the  system  intersect  the  mine-workings  being 
established  from  the  mine-surveys,  and  permanently  marked 
within  those  workings,  it  then  becomes  easily  possible  to  locate 
and  describe  any  point  within  any  particular  block  of  ground 
at  which  any  material  exists  or  any  particular  piece  of  work  is 
being  carried  on,  both  upon  the  map  and  within  the  mine. 

The  location  of  raises,  man-ways,  chutes  and  other  similar 
interior  workings  may  be  established,  and  their  designations 
marked  within  the  main  longitudinal  workings;  but,  where 
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they  are  thus  marked,  certain  symbols  may  be  discarded  for 
the  sake  of  brevity,  and  only  such  as  are  essential  to  the  de- 
scription of  the  working  be  employed.  Thus,  the  raise  at 
point  Ar(0N84)  (9W48)  of  Fig.  2  could  be  marked  within  the 
adit  as  r(9W48),  and,  indeed,  such  markings  may  be  still  fur- 
ther abbreviated  when  fixed  within  the  mine.  If  it  is  desired 
to  specify  that  this  raise  is  both  a  chute  and  a  ladderway,  then 
may  "  c  "  and  "  1 "  of  the  legend  be  added  to  its  description. 
The  designations  of  raises  carried  through  from  diflferent  levels 
at  equal  distances  from  the  transverse  datum-plane  would  exhibit 
the  fact.  Thus  described  and  marked,  there  is  no  possibility 
of  duplicating  the  number  or  designation  of  interior  workings. 
In  the  taking  of  a  series  of  samples,  the  scheme  may  be 
made  to  describe  not  only  the  designation  of  each  sample  of 
the  series  and  its  width  as  well,  but  the  exact  location  of  the 
point  from  which  they  were  taken.  Samples  taken  from 
northward  of  the  longitudinal  datum-plane  are  numbered  and 
measured  towards  the  north,  while  those  taken  southward  of 
that  plane  are  numbered  and  measured  towards  the  south. 
One  or  more  samples  taken  from  across  the  width  of  stopes 
above  a  particular  point  of  a  drift  or  other  longitudinal  pas- 
sageway is,  for  convenience,  referred  to  that  point  of  the  pas- 
sageway with  regard  to  the  transverse  and  longitudinal  desig- 
nation thereof.  The  following  list  of  samples  assumed  on  the 
maps.  Figs.  1  and  2,  will  sufficiently  explain  the  workings  of 
the  system : — 


Number 
of  Sample. 


18 
19 
20 
25 
26 
42 
43 
44 
46 
73 
93 
94 
99 


Location. 


Designation 
of  Working. 


A-B  Int.  Id 
A-B  Int  Is 
Aa 
As 
As 
Id 
Id 
Id 
Is 
Id 
5d 
5x 
5s 


2-4  Int. 


Transverse 
Planes. 


(1N15) 
(1N15) 
(0N80) 
(0N80) 
(0N83) 
(0N20) 
(0N26) 
(0N33) 
(0N20) 
(0S60) 
(1S68) 
(1S73) 
(1S56) 


Longitudinal 
Planes. 


(8W30) 

(8W70) 

(2W04) 

(3W65) 

(3W65 

(3W26| 


(3W26 
(3W26 


(3W26 
(7W20) 
(3W92       I 
(3W92) 
(3E30)       I 


Horizontal 
Planes. 


(0P40) 

'{0P60)' 
(0P60) 


«0P60) 


(0P50) 


Width 
of  Sample. 


5. 

7. 

8. 

3. 

6. 

6. 

7. 

4. 
12. 

6. 

5. 
15. 

6. 
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For  example,  the  last  sample  woald  be  written  99-58(1856) 
(8E30)  (0P50)6. 

The  above  reference  scheme  for  numbering  and  naming 
points  and  parts  of  mine-workings  can  be  applied  to  the  work- 
ings of  any  and  all  other  classes  of  mineral-deposits,  with  such 
variations  in  its  details  as  may  be  necessitated  by  changes  in 
the  methods  of  developing  and  operating  such  other  deposits. 
In  flat  veins  the  side  of  a  drift  or  other  longitudinal  passageway 
that  is  toward  the  dip  of  the  vein  may  be  made  the  plane  of 
division  between  the  various  levels  of  the  mine  and  between 
the  blocks  of  ore  belonging  to  those  several  levels.  In  mass- 
or  pocket-deposits  of  large  extent  and  irregular  occurrence, 
and  in  connection  with  bodies  of  ore  that  occur  in  the  form  of 
more  or  less  irregular  lenses,  the  plan  above  described  may  be 
of  the  greatest  advantage  in  blocking-out  the  ores  for  purposes 
of  description  and  localization,  and  it  may  be  employed  with 
great  benefit  in  connection  with  the  mapping  of  square-setted 
stopes.  In  the  development  of  such  bodies,  and  in  operations 
connected  with  the  winning  of  the  valuable  mineral  products 
thereof  from  their  places  of  deposit,  for  the  sake  of  simplicity 
the  various  transverse  and  longitudinal  horizontal  passageways, 
or  those  which  in  the  scheme  under  such  conditions  are  arbi- 
trarily assumed  to  be  transverse  or  longitudinal  workings, 
might  well  be  made  to  coincide  with  the  series  of  transverse 
and  longitudinal  planes  which  we  have  explained  above. 
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Piping  in  Steel  Ingots. 

BT  N.   LIUENBXRQ,   PHILADELPHIA,  PA. 
(Betbletaem  Meeting,  Febnuuy,  1906.) 

During  the  past  few  years,  the  requirements  for  steel  have 
been  raised  so  high  that  soundness  is  more  important  than  ever 
before.  The  old  practice  was  to  make  steel  ingots  of  suffi- 
ciently large  sections  to  permit  a  considerable  reduction  of  area 
in  rolling  and  hammering  to  a  given  size,  relying  on  the  fact 
that  by  such  rolling  and  hammering  all  cavities  will  be  squeezed 
together  and  practically  eliminated.  The  finished  sizes,  if  found 
by  inspection  of  the  surface  to  be  faultless,  were  therefore  pro- 
nounced to  be  sound.  But  when  such  steel  is  "worked  up," 
the  manufacturer  is  surprised  and  disappointed  to  find  that  it 
splits,  or  that  streaks  and  seams  make  the  product  unmarket- 
able. Large  sections,  such  as  rails,  beams  or  heavy  forgings, 
may,  within  certain  limits,  be  sufficiently  strong,  even  if  the 
sides  of  the  cavities  are  only  squeezed,  and  not  welded  together. 
But  it  is  well  known  that,  in  the  interior  of  heavy  articles,  under 
certain  conditions,  forging  may  develop  small  streaks  into  large 
cavities.  Small  sections,  steel  for  ordnance  and  tubes,  and  num- 
berless articles  in  the  tool-trade,  always  show  up  the  defects. 
It  may  be  doubted  whether  cavities  in  steel  ingots  can  ever  be 
completely  welded.  The  old  theory  is,  that  the  silver-clear 
blow-holes,  without  the  blue  oxide,  can  be  welded  by  sufficient 
working.  They  are,  however,  not  empty,  but  are  filled  with 
carbonic  oxide.  It  is  admitted  that  the  "  blue  '*  cavities,  re- 
sulting from  air  mecha*nically  drawn  down  into  the  mold  during 
the  casting,  can  never  be  welded,  because  the  oxide  does  not 
melt,  and  there  would  be  no  escape  for  it  if  it  did.  The  only 
way  in  which  steel  can  be  made  satisfactory  for  the  above-named 
particular  purposes  is  by  having  it  "  dead  molten."  But  then 
the  trouble  of  piping  is  encountered. 

As  is  well  known,  a  pipe  is  the  result  of  the  contraction  of 
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the  liquid  interior  after  the  surface  of  the  ingot  has  become 
solid  by  contact  with  the  mold.  When  this  contraction  is  partly 
taken  up  by  blow-holes,  there  is,  of  course,  less  sinking  of  the 
metal  at  the  top.  The  soundest  steel,  therefore,  has  the  worst 
pipe.  Some  manufacturers  having  found  that,  for  certain  pur- 
poses, piping  is  a  worse  evil  than  blow-holes,  are,  therefore, 
purposely  casting  honey-combed  ingots.  Several  manufac- 
turers rely  on  casting  steel  at  such  a  temperature  that  the 
blow-holes  arrange  themselves  in  a  zone  midway  between  the 
center  and  the  surface,  thus  making  the  defects  invisible  after 
rolling  or  hammering.  But,  aside  from  the  impossibility  of 
always  arranging  the  gas-bubbles  in  this  way,  the  defects  will 
afterwards  appear  in  working,  as  above  mentioned.  The  pipe 
is  always  coated  with  blue  oxide  from  contact  with  the  air. 
This  oxide  is  formed  instantaneously;  and  therefore  the  com- 
mon practice  of  fiUing-up  the  pipe  with  liquid  steel  during 
casting  and  solidification  only  forms  a  stopper  which  is  not 
welded  to  the  ingot. 

A  great  many  processes  have  been  invented  to  obviate  piping. 
Those  of  importance  may  be  arranged  in  two  classes :  keeping 
the  steel  liquid,  and  compression  of  the  steel. 

I.  Keeping  the  Steel  Liquid  as  Far  Out  Towards  the  Mold  as  Fos- 
sible,  in  Order  to  Get  an  Even  Sinking  of  the  Top  Surface. 

All  methods  working  on  this  principle  suffer  from  the  evil 
that,  the  period  for  solidification  being  prolonged,  the  separa- 
tion of  the  impurer,  and  therefore  lighter,  steel  has  more  time 
to  take  place,  and  the  segregation  will  be  more  pronounced. 
Under  this  heading  the  following  methods  may  be  mentioned : — 

1.  Addition  of  Aluminum^  either  in  the  ladle  or  in  the  molds. 
The  aluminum  increases  the  heat  by  combining  with  part  of 
the  dissolved  oxygen,  and,  at  the  same  time,  lowers  the  melting- 
point  of  the  steel  (which,  of  course,  woFks  in  the  same  direc- 
tion). It  is  well  known,  however,  to-day,  that  aluminum  does 
not  realize  the  expectations  formerly  entertained  concerning  its 
use.  It  makes  somewhat  sounder  steel,  but  it  does  not  prevent 
piping;  and  it  has  been  found,  in  many  instances,  to  have  the 
tendency  to  throw  a  bridge  of  solid,  sound  steel  over  the  top 
of  the  ingot,  thus  hiding  a  large  unseen  cavity  in  the  interior. 

2.  Addition  of   Thermite. — This  mixture  of  aluminum  and 
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iron  oxide  gives  a  greater  heat  than  aluminum  alone^  on  ao- 
count  of  the  extra  supply  of  oxygen  present;  and  its  use  makes 
the  steel  in  the  mold  &irly  sound.  But,  inasmuch  as  the  higher 
temperature  cannot  prevent  the  steel  from  solidif^ng  first  in 
the  outer  layers,  a  pipe  will  nevertheless  form,  although  it  will 
he  somewhat  smaller. 

8.  Use  of  day-Lined  Funnels. — These,  placed  on  the  top  of 
the  molds,  shorten  the  pipe,  because  the  steel  does  not  chill  so 
rapidly  against  the  less-conductive  clay  as  against  the  hare  mold. 
The  upper  part  has  then  to  be  carefully  cut  away  so  far  down 
as  to  leave  no  part  of  the  pipe.  The  exact  distance  from  the 
top,  at  which  the  ingot  should  be  cut,  is  somewhat  difficult  to 
determine,  both  in  this  case  as  well  as  in  the  common  practice 
of  cutting-off  the  upper  part  of  the  ingot  and  leaving  only  the 
lower  part  for  use.  In  both  cases  the  production  is  burdened 
by  the  considerable  cost  of  fuel,  labor  and  waste  involved  in  re- 
melting  the  upper  or  "piped"  portions  of  the  ingots,  or  of 
selling  these  portions  at  the  scrap  price,  which  is  below  cost. 

4.  Casting  by  Overflow  from  One  Mold  to  Another. — ^In  this 
method  the  molds  are  arranged  in  a  row  close  to  one  another; 
and  while  tolerably  sound  ingots  are  obtained,  there  is  the  dis- 
advantage that  much  scrap  is  formed  by  the  steel  running 
through  the  conduits.  It  is  also  obvious  that  the  steel  coming 
to  the  last  mold  is  much  cooler  than  that  in  the  first. 

5.  Use  of  Eleciridty. — This  method  has  sometimes  been  used 
to  heat  the  upper  part  of  the  mold,  and  thereby  prevent  the 
chilling  of  the  steel  in  contact  with  the  sides  before  the  center 
gets  solid.*  It  is  obvious,  however,  that,  in  order  to  be  efTec- 
tive,  the  heat  would  have  to  be  so  great  that  the  mold  would 
be  destroyed  by  the  steel  which  would  readily  attack  the  walls. 
Moreover,  the  method  is  considerably  more  costly  than  that  of 
cutting  off  the  piped  part 

n.  Compression  of  the  Steel  in  the  Molds. 

Much  has  been  said  and  written  about  liquid-compressed 
steel,  and  the  general  opinion  seems  to  be  that,  aside  from  the 
obliteration  of  the  pipe,  little  or  nothing  is  gained  by  compres- 
sing liquid  steel,  which  is  absolutely  sound  and  "  dead  "  molten. 
Since  liquids  in  general  are  inelastic,  and  therefore  incompres- 
sible, the  possible  degree  of  compression  for  liquid  steel  de- 
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pends  on  the  included  gases.  If  the  press  is  arranged  so  that 
these  gases,  which  are  elastic,  have  no  avenue  of  escape,  the 
effect  of  the  compression  will  only  he  to  leave  cavities  of 
smaller  size.  I  need  hardly  say  that  the  compression  of  liquid 
steel  in  the  mold  has  quite  a  different  effect  from  that  of  forg- 
ing the  ingot  afterwards.  In  the  latter  case,  the  object  is  to 
change  the  structure  of  the  steel  at  the  same  time  with  its 
shape..  Among  the  numerous  devices  for  compressing  steel  in 
molds  the  following  three  methods  may  be  mentioned. 

1.  Pressing  from  the  Top — ^While  there  is  no  difficulty  in  this 
method,  if  the  whole  charge  goes  into  one  mold,  the  machinery 
will  be  considerably  complicated  if  several  ingots  of  smaller 
sizes  have  to  be  cast.  These  ingots  will  have  to  stand  on 
trucks  and  move  in  procession  under  the  press;  or  several 
presses  will  have  to  be  arranged  with  additional  complications. 
It  is  almost  impossible  to  time  the  casting  and  the  pressing  in 
harmony.  If  the  latter  is  done  too  early,  the  cavities  will  con- 
tinue to  form  in  the  interior  of  the  steel.  If  too  late,  the  pipe 
is  already  formed  and  oxidized,  and  therefore  will  only  be 
squeezed  together,  but  not  eliminated.  Any  compression  from 
the  end  of  an  ingot  is  attended  with  the  danger  of  tearing  the 
interior  loose  from  the  surface.  This  process  is  in  use  in  some 
places  in  England  and  Germany. 

2.  Compression  from  the  Bottom. — This  idea  originated  in  prac- 
tice at  St.  Etienne,  France ;  and  the  process  is  in  use  at  several 
French  works.  It  naturally  suffers  from  all  the  disadvantages 
of  the  top-compression,  and,  in  addition,  the  hydraulic  ma- 
chinery is  contained  in  a  deep  pit,  which  makes  it*difficult  to 
be  cared  for,  and  also  exposes  it  to  slag,  dirt,  and  accidental 
spirts  or  leaks  of  liquid  steel.  In  both  cases  the  molds  have  to 
be  made  sufficiently  strong,  and  correspondingly  heavier  and 
more  expensive.  It  is,  of  course,  a  special  and  simpler  case 
where  the  whole  charge  is  poured  into  one  mold,  as,  for  in- 
stance, in  making  a  gun  of  large  size. 

8.  Compression  from  the  Sides. — In  this  method  the  top  is  left 
open,  permitting  the  gases  to  escape,  and  the  pressure  is  applied 
directly  in  proportion  to  the  formation  of  the  pipe,  so  as  to  keep 
the  ingot  always  full  to  the  top.  It  is  obvious  that  the  pressure 
can  be  better  timed  in  this  way  than  in  the  preceding  cases. 
•    Some  years  ago  an  apparatus  of  this  kind  was  built  in  Pitts- 
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hvLTg,  having  four  slowly-moving  rollers  in  the  same  plane. 
The  ingoty  with  liquid  interior,  was  taken  from  the  mold  and 
placed  between  the  rollers ;  and  as  it  slowly  moved  downward 
the  compression  kept  the  liquid  steel  toward  the  top,  and  pre- 
vented the  formation  of  pipe.  This  is  undoubtedly  the  right 
principle ;  but  it  encounters  the  insurmountable  practical  diffi- 
culty of  transferring  the  semi-liquid  ingots  from  the  mold  to 
the  rollers,  where  they  are  also  liable  to  be  warped  and  twisted. 
Moreover,  if  liquid  steel  be  shaken,  it  is  liable  to  become 
honey-combed  by  the  escape  of  part  of  the  gases  dissolved 
in  it. 

Side-compression  in  a  stationary  mold,  having  none  of  the 
objections  above  mentioned,  is  now  successfully  carried  out, 
even  with  the  largest-sized  ingots.  This  has  been  mainly  ac- 
complished by  Mr.  John  Ulingworth,  who,  for  a  long  period, 
has  devoted  his  large  experience  to  the  practical  solution  of  the 
problem,  and  has  obtained  many  patents  in  this  field. 

Mr.  Illingworth  began  by  casting  a  continuous  ingot  through 
a  prolonged  vertical  mold,  the  lower  half  of  which  was  cooled 
by  circulating  water.  The  ingot  dropped  down  through  the 
bottom>les8  mold  and  was  broken-off  by  a  hydraulic  clutch 
while  still  red-hot.  This  method,  which  worked  very  well  for 
small  ingots,  presents  difficulties  for  the  larger  sizes.  The 
second  group  of  Mr.  Ulingworth's  inventions  comprises  cast- 
ing-machines, built  on  the  principle  of  hydraulic  rams,  which 
squeeze  the  two  halves  of  the  mold  slowly  together  after  they 
have  been  sufficiently,  opened  to  enter  a  plate  between  the  ingot 
and  the  mold.  This  plate,  having  the  section  of  a  segment  of 
a  circle,  displaces  a  corresponding  volume  of  the  semi-liquid 
interior.  The  two  halves  of  the  mold  are  drawn  apart  as  soon 
as  a  thin  skin  is  formed,  holding  the  liquid  steel  during  com- 
pression. The  movement  of  the  molds,  which  are  placed  close 
together,  is  made  by  draw-bars  connected  with  the  head  of  the 
hydraulic  rams.  This  apparatus  has  given  very  satisfactory  re- 
sults for  small  ingots  cast  from  crucibles,  but  it  is  not  well- 
adapted  for  casting  from  a  bottom-tapped  ladle  into  large 
molds.  A  special  apparatus  on  the  same  principle  was  built 
for  this  purpose,  but  the  experiments  were  not  continued  suffi- 
ciently long  to  secure  successful  results. 

The  problem  of  compressing  large-sized  ingots,  cast  from  a 
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ladle,  is,  however,  now  completely  solved.     Mr.  Illingworth, 
together  with  Mr.  S.  Robinson,  has  built  such  casting-machines 
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ON  Wheels. 

at  the  steel-works  of  Jessop  &  Sons,  Sheffield,  England,  which 
uniformly  turns  out  ingots  of  the  largest  size,  absolutely  solid 
from  top  to  bottom.  '^' 
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The  half-tone  photograph  of  split  ingots,  Fig.  4,  showing  one 
with  pipe,  Ay  and  another  which  has  been  compressed  solid 
from  end  to  end,  5,  is  both  interesting  and  convincing. 

There  are  two  kinds  of  casting-machines,  one  for  large  and 
the  other  for  small  ingots.  Figs.  1,  2  and  8  illustrate  the  con- 
struction and  working  of  these  machines,  which  are  covered  by 
U.  S.  Patent  No.  810,654,  issued  Jan.  28, 1906.   The  principle  is 
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FLAN. 

Fio.  2. — Illinowobth  Castino  Machine  fob  Sbcall  Inqots  in  Qboufs. 

to  cast  the  steel  in  molds  divided  in  halves  and  held  together, 
during  the  casting,  by  hydraulic  pressure.  In  the  planed  side- 
edges  of  the  molds  are  grooves  which  admit  bars  of  a  cross- 
section  shown  at  -4,  Figs.  1  and  2.  After  the  metal  has  been 
poured  into  the  mold,  sufficient  time  is  allowed  for  a  crust  to 
form  while  the  interior  is  still  liquid.  The  bars  are  then  with- 
drawn by  chains,  Gj  suspended  from  an  over-head  hoist,  which 
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leaves  an  empty  space  between  the  two  halves  of  the  mold,  as 
shown  at  B.  Hydraalic  pressure  is  then  applied  from  the  ram, 
D,  and  the  outer  half  of  the  mold  is  moved  forward  slowly, 
so  that  the  liquid  interior  is  always  kept  full  to  the  top  until 
the  mold  is  closed,  as  shown  at  C.  The  volume  of  the  bars 
correspond  as  near  as  possible  to  the  volume  of  the  cavities 
which  would  otherwise  be  formed. 

The  large  machine,  shown  in  Fig.  1,  is  for  large  ingots  cast 
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TRANSVERSE  8ECTI0K. 

(Scale  doable  that  of  Fig.  2.) 

Fig.  3.— Illinqworth  Casting  Machine  for  Smai^l  Ingots  in  Groups. 


on  trucks,  which  are  transported  out  of  the  foundry  immedi- 
ately after  casting,  each  ingot  to  be  compressed  separately. 
This  action  can  be  so  modified  that  three  2-ton  molds  can  be 
compressed  at  one  time. 

The  small  machine,  illustrated  by  Figs.  2  and  8,  is  designed 
to  compress  ingots  of  smaller  sizes  that  are  cast  in  groups  on 
the  ground.  In  this  case  the  casting  must  be  made  simul- 
taneously in  all  the  molds  in  order  to  have  the  same  initial 
temperature.     This  effect  can  be  done  either  by  bottom-casting 
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or  by  pouring  the  steel  from  the  ladle  through  an  under  hang- 
ing-trough provided  with  a  hole  for  each  mold.  With  bottom- 
cast  ingots  the  gates  break  off  during  the  movement  of  com- 
pression. These  illustrations  have  been  prepared  more  for 
demonstration  than  for  working-drawings.     For  clearness,  sev- 


A  B 

Cast  and  oooled  in  ordl-  Cast  and  compreafted  in  tiectional  mold  during 

nary  solid  mold.  Shows  pip-  cooling.    Shows  absence  of  piping, 
lug  at  apper  end. 

Fig.  4.— Stbbl  Ingots  Split  Longitudinally  to  Show  the  Elimination  op 
Piping  by  Compression  During  Coolino. 

eral  details  of  construction  have  been  omitted.     These  details 
have  to  be  modified  to  suit  each  particular  case. 

The  hydraulic  cylinders  on  the  one  side  of  the  press  and  the 
back  of  the  molds  on  the  other  are  supported  by  six  I-beams 
(JEj  Ey  in  Fig.  2)  laid  horizontally  on  pieces  formed  to  fit  them, 
and  held  together  by  vertical  beams  and  screw-bolts. 
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In  regard  to  the  details  of  working  the  lUingworth  press,  8 
or  4  men  can  cast  and  compress  6  ingots,  18  in.  square  and 
40  in.  long,  in  an  hour's  time.  The  edges  of  the  molds  have 
to  be  planed,  but  a  mold  can  be  used  for  about  125  heats  before 
this  repair  is  needed. 

It  is  impossible  to  give  general  statements  of  the  cost  of  op- 
erating this  press,  since  the  economy  would  have  to  be  calcu- 
lated for  each  particular  case. 

By  careful  investigation  it  has  been  shown  that : — 

1.  During  compression  the  surface  of  the  ingot  is  neither 
crushed  nor  folded,  but  is  merged  in  the  mass,  the  same  as  in 
the  roughing-mill,  although  the  circumstances  attending  com- 
pression are  not  so  favorable  as  those  of  rolling. 

2.  No  groove  is  formed  between  the  joints  of  the  mold.  If, 
for  special  steels,  there  should  be  some  tendency  to  this,  it  is 
easy  to  make  the  edges  of  the  bars  slightly  convex,  thus  leav- 
ing concave  grooves  in  the  ingots,  which,  by  compression, 
straighten  out  to  a  plane. 
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Improvements  in  Rolling  Iron  and  Steel. 

BY  JAMES  E.   YORK,   NEW  YORK  CITY. 
(London  Meetingr,  July,  1906.) 

The  honor  so  fairly  earned  and  so  incompletely  and  tardily 
paid  to  Henry  Cort,  the  inventor  of  the  puddling-furnace  and 
the  rolling-mill,  has  been  fully  set  forth  by  Mr.  Charles  H. 
Morgan,*  and  needs  no  farther  emphasis  here. 

In  view  of  the  importance  of  the  rolling-mill  in  the  treat- 
ment of  iron  and  steel,  the  pHucity  of  information  concerning 
it  is  surprising.  With  the  exception  of  a  book,  written  about 
35  years  ago,  by  Peter  Ritter  von  Tunner,  an  Honorary  Member 
of  this  Institute,  and  of  desultory  articles  on  simple  sections, 
which  have  appeared  in  technical  journals,  I  know  of  no  pub- 
lication attempting  to  treat  this  subject,  although  volumes 
have  been  written  on  the  scientific  theory  and  technical  ma- 
nipulations involved  in  other  branches  of  the  iron-  and  steel- 
industry.  This  strange  anomaly  may  be  due  to  the  fact  that 
roll-turning  cannot  be  called  a  scientific  business.  It  does  not 
ordinarily  come  within  the  range  of  an  educated  engineer;  yet 
it  cannot  be  performed  by  an  ordinary  mechanic.  It  demands 
some  of  the  qualifications  of  an  engineer,  in  designing,  and 
those  of  a  mechanic,  in  execution.  The  men  who  have  fol- 
lowed this  trade  have  controlled  the  training  of  their  succes- 
sors. In  many  cases  the  technical  knowledge  required  has 
been  handed  down  from  father  to  son,  and  there  has  been  a 
motive  of  private  interest  to  prevent  its  public  dissemination. 
Moreover,  the  statement  of  the  various  principles  involved  in 
the  process  would  require,  besides  manual  experience,  a  degree 
of  scientific  knowledge  which  roll-turners  do  not  usually  pos- 
sess ;  and,  finally,  any  book  on  the  subject,  in  order  to  possess 
real,  practical  value,  would  have  to  be  so  fully  illustrated  as  to 
make  it  very  costly  to  publish. 

Regarding  my  own  experience,  I  may  say  that  I  served  a  six- 

»  **The  Caae  of  Henry  Cort,"  Trans.y  xxxv.,  893  (1905). 
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year  apprenticeship  at  the  trade  of  roll-turning  at  Wednesburj', 
South  StaiFordshire,  England,  and,  later,  accepted  a  position  as 
head  roll-turner,  believing  that  I  fully  understood  the  technical 
points  of  the  business;  but,  after  a  short  time,  I  realized  that, 
if  there  were  any  theories  governing  the  practice,  I  still  had 
to  acquire  thera. 

Forty  years  ago,  the  bulk  of  the  metal  rolled  was  iron.  Roll- 
ing iron  was  in  some  regards  simpler,  and  in  other  regards 
more  difficult,  than  rolling  steel.  Iron  was  adapted  to  quicker 
reduction,  being  softer,  and  capable  of  sustaining  greater  heat 
without  injury.  It  was  inherently  weaker  than  steel  at  a  roll- 
ing-temperature, even  when  properly  heated ;  but  piles  could 
be  made,  conforming  to  the  finished  section,  which  was  a  great 
advantage  in  making  flange-sections. 

In  the  early  stages  of  this  business,  the  market  called  for 
simple  forms  only,  such  as  flats,  rounds  and  squares;  but  with 
the  advent  of  railroads,  and  other  commercial  demands,  it  be- 
came necessary  to  roll  more  complex  sections,  such  as  rails, 
beams,  channels  and  tees,  which  added  very  materially  to  the 
difficulties  in  the  art  of  roll-designing.  These  difficulties  I  will 
attempt  to  explain. 

Fig.  1  illustrates  the  rolling  of  a  flat  6  in.  wide  and  J  in. 
thick.  This  was  undoubtedly  the  first  rolling  ever  done  in 
grooved  rolls,  and  represents  the  simplest  section  that  we  have 
to  make,  and  the  only  shape,  rolled  in  closed  grooves,  to  which 
the  principle  of  uniform  flow  of  metal  from  rolling-contact  can 
be  applied. 

It  is  recognized  by  all  experts  that  metal  flows  under  pres- 
sure in  the  direction  of  least  resistance,  which,  in  rolling,  is  at 
right  angles  to  the  journal  of  the  roll,  or  lengthwise  of  the  bar. 
The  result  is  to  make  the  bar  stronger  longitudinally  than 
transversely ;  and  this  is  true  of  every  bar  (except  rounds  and 
squares),  either  of  iron  or  steel,  rolled  in  grooved  rolls.  In 
some  cases,  the  difference  amounts  to  from  10  to  15  per  cent, 
of  the  strength. 

The  most  important  physical  effects  are  produced  on  the 
metal  during  the  last  stages  of  rolling.  As  the  temperature 
decreases  and  the  section  becomes  thinner,  greater  resistance 
is  offered  to  reduction,  and  there  is,  consequently,  a  greater 
"fining"  of  the  grain  in  steel  or  the  fiber  in  iron.     It  is  well 
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known  that  in  large  ingots  there  is  scarcely  any  "  fining "  of 
the  grain  by  rolling,  and  that  this  eftect  is  only  reached  when 
comparatively  small  dimensions  have  been  attained.  (Of 
course,  the  result  is  influenced  also  by  over-heating,  and  by 
the  chemical  composition  of  the  metal.) 

The  only  important  modern  change  in  the  process  of  rolling 
is  the  addition  of  a  third  roll,  which  doubles  the  capacity  of  the 
mill,  and  constitutes  the  "  three-high  system." 

The  billet  or  ingot,  from  which  any  flanged  section  is  rolled 
in  an  ordinary  mill,  must  have  dimensions  practically  equalling 
or  exceeding  the  extreme  dimensions  of  the  section  to  be  pro- 
duced, although  the  actual  area  of  metal  in  this  section  will  be 
much  smaller  than  that  of  the  original'  mass.  Moreover,  the 
first  shaping-groove  must  be  wider  than  the  mass,  in  order  that 
the  latter  may  enter  it.  It  follows  that  the  reduction  of  the 
metal  by  rolling-pressure  is  wholly  in  one  direction ;  and  this 
result  is  inseparable  from  the  conditions  presented  by  ordinary 
mills. 

Fig.  2  shows  how  we  rolled,  "  two-high,"  an  ordinary  6-in. 
beam.  Modern  mills  are  ^*  three-high ;"  but  the  same  principle 
governs.  This  is  one  of  the  easiest  flange-sections  we  have  to 
roll,  becausa  it  has  an  equal  amount  of  metal  on  each  side  of 
the  pitch-line,  or  center  of  the  mill,  and  the  flanges  are  of  equal 
dimensions. 

The  difficulty  encountered  in  rolling  a  section  like  this  (and 
found  to  be  still  greater  in  sections  of  unsymmetrical  form)  is 
involved  in  the  displacement' of  the  metal  from  a  square  or  flat 
billet,  to  form  a  web.  This  displaced  metal  runs  to  length ; 
and  since  there  is  no  commensurate  reduction  of  the  flange- 
parts  of  the  section,  the  metal  of  those  parts  is  liable  to  crack, 
because  it  is  not  rolled,  but  stretched.  After  the  blank  in  the 
first  pass  has  been  filled  out,  a  more  uniform  reduction  of  the 
various  parts  can  be  provided  for.  The  finished  section  shown 
in  Fig.  2  has  a  flange  3.3S  in.  wide,  with  a  web  about  0.28  in. 
wide — the  latter  having  received  a  transverse  reduction  about 
twelve  times  that  of  the  cross-section  of  the  flanges. 

The  rolling  of  flange-bars  involves  the  thinning  of  the  flange 
sideways  by  forcing  into  the  groove,  metal  much  thicker  than 
the  recess  provided.  This  is  rather  a  wedging  and  drawing 
than  a  rolling  action ;  and  all  such  flanges  are  tapered,  to  per- 
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mit  their  exit  from  the  rolls.  At  the  ends  of  finished  bars  of 
this  character  considerable  waste  is  created  by  the  diflferent 
roll-dimensions,  which  prevent  uniform  surface-speed  of  the 
metal  during  the  operation. 

Another  objection  to  this  method  of  making  flange-bars  is, 
that  it  is  impossible  to  distribute  the  metal  in  scientific  propor- 
tions. In  most  of  the  beams  rolled  to-day  by  the  prevailing 
method,  the  web  is  thicker  by  at  least  20  per  cent,  than  it  need 
be,  to  harmonize  with  the  other  dimensions  of  the  bar.  The 
reason  (if  we  take  Fig.  2  as  an  instance)  is,  that  the  part  of  the 
roll  which  forms  the  web  is  8  in.  greater  in  diameter  than  the 
part  which  comes  into  contact  with  the  widest  part  of  the 
flange,  and  has  at  least  9  in.  per  revolution  -greater  surface- 
travel  than  the  part  in  contact  with  the  end  of  the  flange.  The 
flange  must,  therefore,  either  slip  or  stretch,  to  accommodate 
itself  to  the  larger  diameter.  This  causes  the  web  to  buckle 
or  corrugate  when  rolled  down  to  the  proper  thickness.  These 
difllculties  are  greatly  increased  in  rolling  wider-flanged  sec- 
tions, whether  large  or  small  in  other  dimensions.  In  fact,  it 
is  almost  impossible  to  produce,  in  an  ordinary  rolling-mill,  any 
shape  with  a  flange  equal  in  width  to  the  total  height  of  the 
section.  The  eftect  of  the  difterence  in  surface-speed  of  roll- 
ing on  various  parts  of  rails,  beams  and  other  flange-sections, 
is,  in  my  opinion,  the  cause  of  a  large  number  of  otherwise 
unaccountable  fractures  in  service,  due,  probably,  to  perma- 
nent internal  stresses  rolled  into  the  bar. 

While  engaged  in  the  manufacture  of  iron  beams  about  80 
years  ago,  it  was  suggested  that,  if  beams  could  be  rolled  with 
wider  flanges,  greater  height  and  thinner  webs,  at  least  20  per 
cent,  greater  carrying-strength  could  be  secured  for  a  given 
weight.  This  led  my  brother  and  myself  to  design  and  build 
what  is  now  known  as  the  York  universal  mill,  for  rolling 
sections  with  wide  flanges  and  thin  webs,  or  the  usual  sections 
when  desired. 

The  front  elevation  and  plan  of  this  mill,  which  is  a  radical 
departure  from  the  process  of  rolling  illustrated  in  Figs.  1  and 
2,  are  shown  in  Figs.  8  and  4. 

The  advantages  of  this  mill  are : — 

1.  It  dispenses  with  grooves  entirely  and  gets  uniform  sec- 
tions without  this  provision. 
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2.  It  eliminates  the  wasteful  and  difficult  method  of  displac- 
ing metal  to  form  a  web  which  is  out  of  all  proportion  to  the 
other  parts  of  the  section. 


ELEVATION 

Fig.  3. — York  Universal  Mill,  Showing  the  Method  of  Bolling  an 
18-iN.  Beam  with  6-in.  Flanges. 

3.  No  technical  knowledge  is  required  to  design  the  rolls. 

4.  The  operation  is  exceedingly  simple,  and  the  same  rolls 


^■fcfc; — 


PLAN 
Fig.  4.— York  Universal  Mill. 

can  produce  a  properly  proportioned  section  weighing  50  or 
150  lb.  per  foot. 

5.  By  the  old  methods  the  web  increases  in  the  same  propor- 
tion as  the  width  of  flanges,  which  is  a  great  waste  of  metal. 
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6.  This  mill  is  adapted  to  roll  either  scrap  or  new  steel  to 
sections  at  least  50  per  cent,  less  in  weight  per  linear  foot  than 
the  common  forms. 

7.  The  beam  produced  by  this  mill  has  the  same  tensile 
strength  transversely  (where  it  is  required)  as  in  the  longitudi- 
nal direction. 

8.  The  rolls  can  be  adjusted  either  at  the  commencement  or 
during  the  operation,  in  order  to  have  the  web  thinner  and  the 
flanges  thicker,  or  the  reverse. 

9.  This  mill  can  roll  a  bar  having  one  flange  thicker  than 
the  other,  since  the  dimensions  of  the  flanges  can  be  modifled 
to  suit  requirements. 

This  mill  consists  of  a  pair  of  horizontal  rolls  positively 
driven,  and  a  pair  of  vertical  rolls  run  by  the  friction  of  con- 
tact against  the  bar.  A  line  through  the  axis  of  these  vertical 
rolls  would  intersect  the  center  of  the  horizontal  rolls. 

The  horizontal  rolls  work  upon  the  sides  of  the  web  and 
shape  the  inner  contour  of  the  beam,  while  the  vertical  rolls 
shape  the  outer  flange-surfaces.  Both  horizontal  and  vertical 
rolls  are  connected  by  a  screw-device,  so  that  the  movement  in 
all  the  rolls  shall  be  simultaneous;  an  arrangement  which  se- 
cures the  proper  relative  reduction  of  the  flanges  and  the  web. 

Fig.  8  represents  the  rolling  of  an  18-in.  beam  with  6  in. 
flanges.  The  slab,  or  ingot,  for  making  this  section  is  29.5  in. 
wide  and  6.25  in.  thick.  These  dimensions  give  a  reduction  on 
each  flange  of  5|  in.  sidewise  and  a  reduction  on  the  web  of 
5|  in.  at  the  same  time,  which  produces  a  beam  18  in.  by  f  in., 
having  the  usual  taper  to  the  flanges. 

The  rolls  used  in  this  mill  weigh  only  one-quarter  as  much 
as  those  ordinarily  used,  and  the  power  required  is  much 
less  than  that  of  the  ordinary  mill,  for  the  reason  that  it  is 
a  rolling-process,  both  horizontal  and  vertical,  instead  of  a 
partly  wedging  and  stretching  action,  as  shown  in  Fig.  2. 

The  mill  is  adapted,  without  changing  rolls,  to  make  any 
reasonable  weight  of  beam,  having  wide  or  narrow  flanges  up 
to  the  width  of  the  face  of  the  vertical  rolls.  It  also  rolls  tees 
of  dift'erent  dimensions  having  any  length  of  leg,  or  flange,  in 
the  beam-rolls,  the  vertical  rolls  forming  the  flange.  A  beam- 
section  cut  longitudinally  through  the  web  forms  two  tees  of 
half  the  height  of  the  beam ;  hence  a  tee  can  be  rolled  on 
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either  side  of  the  mill.  Tee-sections,  about  the  most  difficult 
to  roll  in  an  ordinary  mill,  are  very  easily  made  by  my  process. 

It  was  my  intention,  when  building  this  mill  on  a  commercial 
scale,  to  have  a  blooming-mill  in  which  to  roll  an  ingot  down 
to  about  3  in.  thick  in  the  web  and  a  proportional  thickness  in 
the  flanges ;  but,  for  unavoidable  reasons,  it  became  necessary 
to  use  the  finishing-mill  to  do  the  entire  reduction  from  the 
ingot  or  slab  to  the  finished  section.  This  action  produced 
a  slight  defect  in  the  finished  product,  the  bars  not  being  ex- 
actly parallel  in  the  width  of  the  flanges  throughout  the  entire 
length.  In  order  to  overcome  this  difficulty,  I  proposed  to  use 
a  pair  of  supplementary  rolls  to  work  on  the  edges  of  the 
flanges,  these  rolls  to  be  placed  in  line  of  the  main  rolls,  and  to 
be  run  at  the  same  surface-speed  of  delivery  as  the  rolls  in  the 
mill  proper.  These  changes  have  since  been  installed,  and 
beams  of  perfect  section  are  now  rolled. 

Our  experience  with  this  process  in  rolling  beams,  having  the 
width  of  the  two  flapges  greater  than  the  height  of  the  web, 
showed  that  it  was  necessary  to  feed-in  the  side-rolls  faster  than 
the  horizontal;  otherwise,  in  rolling  light  webs  with  wide 
flanges,  there  would  be  a  buckling-action  in  the  web,  caused 
by  the  greater  roll-surface  contact  on  both  sides  of  the  flange. 
The  mass  being,  of  course,  stiffer  in  the  direction  of  the  cross- 
section,  the  web  was  then  held  back  to  the  average  speed  of  the 
flanges,  and  caused  it  to  corrugate. 

The  advantage  of  a  light-web  beam  is  illustrated  as  fol- 
lows : — The  18  by  f-in.  beam.  Fig.  3,  weighs  42  lb.  per  ft.,  and 
the  nearest  comparable  size  of  the  ordinary  beam  is  15  by  0.41 
in.,  which  also  weighs  42  lb.  per  foot.  The  ordinary  beam,  how- 
ever, has  a  load-carrying  capacity  of  18  per  cent,  less  than  the 
light-web  beam, — a  difference  which  is  larger  in  most  of  our 
sections,  especially  those  made  to  take  the  place  of  built-up 
plate-  and  angle-girders,  having  a  much  greater  weight  per 
foot.  In  addition  to  the  gain  in  strength,  the  cost  of  building- 
up  is  reduced ;  this  cost,  in  some  cases,  exceeds  40  per  cent,  of 
the  cost  of  our  rolled  beams.  Sections  ha\dng  wide  flanges 
which  equal  the  height  of  the  section  (or  nearly  so),  are  in- 
tended to  take  the  place  of  "  Z  "  bars  and  other  columns.  In 
this  case,  also,  there  is  a  great  saving  in  weight  and  cost. 

This  mill  has  also  been  adapted  to  re-roll  rails  of  various 
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types  for  further  service  in  the  track,  as  shown  in  Figs.  5  and 
6.     It  is  admirable  for  this  purpose  from  the  fact  that  the  rolls 


can  be  chilled,  thus  permitting  the  proper  finishing-temperatur< 
required  to  secure  the  best  physical  results.     This  mill  can 
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also,  upset  metal  from  the  web  into  the  head  and  leave  the 
flange  the  same  width,  and  it  can  re-roll  any  flange-bar  or  other 
sections  in  a  longitudinal  direction. 

Some  years  ago  I  took  up  the  problem  of  making  a  steel  tie, 
or  sleeper,  that  would  meet  all  railroad-requirements  and,  at  the 
same  time,  be  able  to  compete  in  cost  with  the  wooden  ties  now 
in  general  use.  To  meet  these  conditions  it  was  necessary  to 
use  worn  scrap-rails  for  the  raw  material,  since  it  must  be  ob- 
tainable at  a  low  price  and  in  large  quantities. 

First,  I  designed  sections  for  a  steel  tie,  which  railroad  en- 
gineers said  were  ideal,  provided  it  could  be  rolled.     Then  I 


Fig.  6.— Showing  the  Method  of  Re-Rollino  a  Girder-Rail  by 
Universal  Mill. 


designed  a  mill,  shown  in  Figs.  7  and  8,  to  change  the  di- 
mensions of  a  rail  without  lengthening  it  in  the  rolling.  This 
mill  can  be  driven  like  an  ordinary  two-high  plate-mill,  or 
by  disconnecting  the  top  roll  from  the  power,  it  may  be  run 
by  frictional  contact  with  the  bar.  The  latter  plan  I  consider 
to  be  the  simplest  and  the  best,  for  the  reason  that  access 
to  the  mill  can  be  had  in  all  directions,  by  having  a  hy- 
draulic motor  connected  with  a  rack  in  a  pinion  on  the  bottom 
roll.  Both  plans  have  given  good  results.  The  simplest  method 
of  all,  however,  is  to  connect  a  hydraulic  motor  between  two 
mills,  rolling  in  both  directions,  which  naturally  increases  the 
output. 
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By  all  other  methods  the  greatest  difficulty  in  longitudinal 
rolling  is  to  produce  sections  having  wide  flanges ;  but  in  ray 


1:ND  ELEVATION 
Fig.  7.— York  Transverse  Mill. 


mill  this  kind  of  rolling  is  very  simple.     One  part  of  the  bar 
is  rolled  without  disturbing  the  other  dimensions.     Rails  that 
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have  been  used  on  curves  and  have  lost  one-third  of  the  metal 
on  one  side  of  the  head,  can  be  rolled  to  form  a  section  having 
the  metal  symmetrically  distributed  on  both  sides  of  the  web, 
by  using  a  rolling  and  bending  action  simultaneously  in  the 
mill,  as  is  illustrated  in  Fig.  9. 

In  rolling  steel  rails  by  the  ordinary  process,  the  web  and 
bottom  flange  receive  the  most  physical  work  in  the  mill,  and 


FRONT  ELEVATION 
Fig.  8. — York  Transverse  Mill. 

are  finished  much  colder  than  the  comparatively  large  mass  of 
metal  in  the  head.  The  head,  therefore,  is  the  weakest  part  of 
the  rail.  In  re-rolling  an  old  rail  by  my  process,  the  head  re- 
ceives the  greatest  amount  of  physical  work,  and  the  finishing- 
passes  can  be  made  at  a  low  heat,  if  desired,  thus  greatly  im- 
proving the  quality  of  the  metal. 
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The  capacity  of  the  mill,  in  tonnage,  would  be  regulated  by 
the  number  of  bars  rolled  at  one  operation.  There  is  no  diffi- 
culty in  rolling  at  least  six  bars  at  a  time,  which  gives  a  safe 
estimate  of  from  150  to  200  tons  per  day,  of  rails  weighing 
from  60  to  75  lb.  per  yard. 

During  the  rolling  of  any  section  in  this  mill,  the  flanges  can 
be  made  thick  or  thin  without  any  change  of  rolls. 

This  mill  is  confined  to  the  transverse  rolling  of  lengths  not 
exceeding,  say,  10  feet.  If  greater  length  is  desired,  a  bloom 
(either  of  scrap  rail  or  new  steel)  is  rolled  to  proportionate  di- 
mensions of  cross-section,  and  then  rolled  to  length  in  our  uni- 
versal mill. 

Pig.  10  illustrates  the  mill  rolling  tees,  tie-plates,  column- 
blanks  and  double-headed  rails.  Fig.  11  shows  the  head  of  a 
worn  95-lb.  girder-rail,  having  a  part  of  the  web  attached, 
which  is  rolled  to  a  width  of  20  by  J  inch.     Fig.  12  shows  a 


Fig.  9. — Showing  the  Results  op  Transverse  Rolling. 

T-rail  section  with  the  head  rolled  five  times  wider  than  its 
original  dimensions.  Fig.  13  shows  a  worn  70-lb.  T-rail  rolled 
down  to  a  plain  tie-section  without  changing  the  web  or  flange 
of  the  original  rail.  Fig.  14  shows  the  same  weight  rail  rolled 
with  a  curved  base  to  give  elasticity  to  the  tie  under  moving 
load.  Fig.  15  shows  the  section  with  a  curved  seat  for  the 
rail,  so  as  to  ensure  the  elasticity  of  the  tie  if  the  ballast  in  con- 
tact with  the  curved  base  should  interfere  with  the  elasticity  of 
the  lower  flange.  Fig.  16  shows  a  beam  with  flanges  9  in. 
wide  and  3.25  in.  in  height  of  section,  rolled  from  a  70-lb.  rail. 
Fig.  17  shows  a  section  rolled  with  wide  flanges,  leaving  the 
web  without  change  of  form.  Fig.  18  shows  a  flange  rolled  on 
a  3  by  0.76-in.  flat  bar  to  six  times  the  width  of  the  thickness 
of  the  flat.  Fig.  19  shows  a  column  section  rolled  from  a 
70-lb.  rail.  Fig.  20  is  an  end  elevation  of  this  mill,  which 
shows  the  rolling  of  flanges  on  large  and  small  ingots  and  flat 
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slabs  for  blanks  for  the  fiiiishhig-mill.     This  arrangement  dis- 
penses with  the  unequal  displacement  of  metal  to  form  the  web, 


END  ELEVATION 

Fio.  10. — York  Transverse  Mill. 


and  removes  the  greatest  difficulty  in  the  rolling  of  flange  sec- 
tions, and  makes  possible  the  production  of  sections  from  new 
steel  that  it  is  now  impossible  to  produce  by  present  methods. 
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Fig.U 


Fig.  14 
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Pig.  17 


Flg.18 
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Figs.  11  to  19. — Special  Sections  Rolled  by  Transverse  Mill, 
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Fig.  21  shows  some  of  the  various  sections,  rolled  from  rails, 
to  be  used  for  columus,  telegraph  poles,  trolley  poles,  beams, 
fence  posts  and  other  purposes.  To  produce  these  sections  it 
is  necessary,  first,  to  roll  in  a  transverse  direction  to  get  the 
proper  dimensions,  and  then  to  bend  in  the  mill  in  a  longitudi- 
nal direction. 


end  section. 
Fig.  20. — York  Transvehse  Mill  for  Rolling  Flanges  on  Ingots. 


The  following  shapes  can  be  rolled  by  using  the  mill  for 
transverse  rolling  and  longitudinally  for  bending  hot: — ^Fig. 
22,  a  rail  with  the  flange  and  web  unchanged  from  the  old  rail, 
and  the  head  rolled  into  the  shape  given.  Pig.  23,  a  similar 
section  rolled  with  part  of  the  web  removed.   Fig.  24,  a  section 
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rigjw 
Figs.  21  to  26.— Sections  Rolled  by  Tkans verse  Mill. 
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where  the  rail-head  and  flange  have  both  been  rolled  to  the 
necessary  width  and  then  bent  to  the  shape  longitudinally.  Fig. 
25,  a  suggested  base  for  a  rail  with  a  movable  head.  Fig.  26 
shows  a  side  view  of  a  rail-joint,  made  from  short  pieces  of 
worn  rail.  This  joint  is  designed  for  the  purpose  of  meeting 
any  demands  of  adjustment,  strength  and  cheapness.  Fig.  27 
shows  a  tie  with  a  recess  rolled  to  form  a  rail  seat  so  as  to 
prevent  track-spreading.  Fig.  28,  column-sections  with  rolled 
projections  parallel  to  the  length.  These  can  be  changed,  if 
desired,  into  indentations  or  any  other  shape.     Fig.  29  shows 


Fig.  27.— Tie-Section  with  Recess  fob  Bail,  Rolled  by  Tbansvebss 

Mill. 

taper-sections  of  narrow  or  great  width;  could  be  used  for 
many  purposes.  Fig.  80  illustrates  the  utilization  of  short 
pieces  of  rail  to  make  the  tie-plates  now  generally  used  with 
wooden  ties.  I  show  one  only,  but  I  have  already  designed 
eight  sections  that  can  be  made  by  this  method. 

All  the  sections  described  above,  with  the  exception  of  the 
ingots  shown  in  Fig.  20,  are  designed  to  be  made  from  old 
worn  rail-sections.  The  girder-  and  guard-rails  of  electric  and 
street-car  lines  can  be  used  to  make  the  same  class  of  material; 
and  while  the  section  would  be  of  greater  height,  it  is  capable 
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of  being  rolled  with  the  same  facility  as  worn  tee-  or  double- 
headed  rails. 

The  method  is  not  confined  to  the  use  of  rail-sections  alone 
as  material  for  re-rolling.  We  take  beams  of  all  sizes,  split  the 
two  flanges  oft',  hot,  in  the  machine,  and  use  them  for  T-sec- 


FiG.  28.— Column  Section  with  Projections  Parallel  to  Length, 
Rolled  by  Transverse  Mill. 

tions,  column-blanks  and  other  purposes  after  re-rolling. 
Angles,  and,  in  fact,  bars  of  any  kind,  are  similarly  available. 
The  presence  of  holes  in  scrap  material  does  not  interfere  with 
rolling  by  this  method. 


^^^^ 


Fig.  29. — Taper-Sections,  Wide  or  Narrow,  Rolled  by  Transverse 

Mill. 

Some  of  the  many  sections  which  can  be  rolled  by  this  pro- 
cess are  shown  in  the  accompanying  illustrations.  I  have  al- 
ready designed  several  hundred  shapes  that  difter  from  exist- 
ing sections,  either  in  weight  or  design. 

It  is  adapted  for  flanging  plates  and  sheets,  hot  or  cold,  and 
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for  making  angles  from  flats ;  also,  for  re-rolling  plates  and 
sheets  with  decorative  designs  on  their  faces,  for  artistic  and 
industrial  purposes. 

In  planning  these  mills  I  kept  in  mind  the  necessity  of  mak- 
ing them  strong  to  resist  the  hard  usage  of  rolling-mill  prac- 
tice ;  simple,  so  that  they  could  be  readily  adjusted ;  and,  also, 
capable  of  operating  with  unskilled  labor,  except  that  of  the 
mechanic  to  run  the  machine  and  the  heater  to  heat  the  mate- 
rial. The  rails  can  be  fed  into  the  machine  simply  and  quickly, 
and,  when  the  rolling  is  completed,  the  hot  bars  push  out^  lat- 


FiG.  30. — Tie-Plate,  from  Short  Piece  op  Bail,  Rolled  by  Transverse 

Mill, 

erally,  those  already  rolled.     The  functions  of  the  machine  are 
almost  entirely  automatic. 

The  economic  and  commercial  importance  ol  the  application 
of  this  method  to  the  utilization  of  scrap  for  ties,  joints  and 
tie-plates  has  been  well  stated,  as  follows  :* — 

**  At  the  present  time  there  are  about  450,000  miles  of  railways  constructed  in 
the  principal  countries  of  the  world.  Of  this  mileage,  probablj  33  per  cent  at 
least  is  double,  counting  the  sidings,  which  would  raise  the  total  as  single  mile- 
age to  600,000  miles.  The  weight  of  metal  required  in  any  system  of  iron  or 
steel  sleepers  will,  of  course,  depend  mainly  upon  its  form  and  method  of  appli- 
cation, but  a  conservative  mean  would  probably  be  100  tons  to  the  mile  of  sin- 
gle line,  which  would  give  us,  for  the  railways  of  the  world,  a  possible  supply 
of  60,000,000  tons,  or,  roughly,  about  40  times  the  total  output  of  Bessemer 
steel  in  Great  Britain  during  the  last  three  years.  Clearly,  therefore,  if  metallic 
sleepers  were  substituted  for  timber,  the  steel  trade  would  profit  enormously." 


■  Iran  and  Coal  Trades  Review^  April  10, 1896. 
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Since  the  above  was  published,  the  Archiv  fur  Eismbaka- 
weseriy^  reports  an  increase  in  mileage,  at  the  end  of  the  year 
1908,  to  588,978  miles,  which,  including  side-tracks,  is  equiva- 
lent to  about  700,000  miles.  Estimating  on  a  basis  of  125  tons 
of  steel  per  mile  of  single  track,  the  total  quantity  of  steel  used 
reaches  the  enormous  total  of  87,500,000  tons. 

If,  as  I  have  attempted  to  show,  these  rolled  bars  can  be 
made  from  material  that  has  already  fulfilled  the  purpose  for 
which  it  was  originally  made — namely,  its  use  as  rails — a  great 
economic  advance  will  have  been  effected. 

>  BaUroad  Oaaette,  June  30,  1905,  p.  749. 
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Biographical  Notices  of  1905. 

(Bethlehem  Meeting,  February,  1906.) 

The  list  of  deaths  reported  during  the  year  1905  comprises 
the  following  names  (the  figures  in  parentheses  indicating  the 
year  in  which  the  persons  named  were  elected  to  member- 
ship : — 

Honorary  Member. — Dr.  Bruno  Kerl. 

Members  and  Associates. — Charles  Christy  Adams  (1903), 
John  Wesley  Anderson  (1898),  William  Burton  Barber  (1901), 
Thomas  A.  Bennett  (1900),  Luke  W.  Bryan  (1901),  Edwin  S. 
Daugherty  (1906),  William  Scott  de  Camp  (1875),  George  H. 
Eldridge  (1889),  B.  W.  Prazier  (1871),  John  Broome  Guinn, 
Jr.  (1897),  Dana  C.  Irish  (1900),  Harry  Hugh  Lee  (1899),  Wil- 
Ham  Alfred  Lindsay  (1902),  Roland  C.  Luther  (1884),  James 
MacNaughton  (1890),  Gordon  McLean  (1899),  Herbert  Holmes 
McNamara  (1902),  August  R.  Meyer  (1886),  William  Orr 
(1897),  William  J.  Parker,  Jr.  (1898),  Joseph  Phillips,  Jr. 
(1895),  Charles  O.  Ripley  (1902),  Emmerich  J.  Schmitz  (1883), 
Ludwig  Philip  Seeger  (1900),  Jacob  Johnston  Sperry  (1900), 
Gustavus  H.  Stoiber  (1902),  William  L.  Study  (1905),  Robert 
Macnair  Wilson  Swan  (1900),  Richard  Henry  Terhune  (1886), 
Joseph  Thiry  (1892),  John  N.  Tisdale  (1903),  Alfred  Isham 
Totten  (1897),  Walter  H.  Virgoe  (1902),  Charles  H.  Wellman 
(1890),  Harvey  L.  Williams  (1903). 

Of  these,  Dr.  Bruno  Kerl  and  Prof.  B.  W.  Prazier  have  been 
made  the  subjects  of  special  Biographical  Notices  in  the  Bu 
Monthly  Bulletin  ;  the  former  in  No.  4,  July,  1905,  p.  743,  and 
the  latter  in  No.  5,  September,  1905,  p.  1097.  Concerning  the 
remainder  of  the  list,  the  following  paragraphs  comprise  such 
information  as  could  be  obtained  by  the  Secretary. 

Charles  Christy  Adams,  who  had  been  a  member  of  the  Insti- 
tute since  1903,  died  in  Johannesburg,  South  Africa,  August 
31,  1905.  He  was  born  in  New  York  City,  July  13, 1849,  and 
received  his  technical  training  at  the  Colorado  State  School  of 
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Mines  at  Golden  City.  His  professional  labors  included  the 
following  positions :  1883  to  1888,  General  Manager,  Rosario 
Mining  and  Smelting  Co.,  Salinas  Victoria,  Nueva  Leon,  Mex- 
ico; 1900  to  1903,  U.  S.  Deputy  Mineral  Surveyor,  State  of 
Oregon,  and  Superintendent  El  Renacimiento  Mine,  Ocotlaa, 
Oaxaca,  Mexico  (R.  H.  Hutton,  General  Manager) ;  in  1908, 
Resident  Manager,  La  Reforma,  for  The  Reform  Mine  Syndi- 
cate Co.,  Ltd.  (R.  Hay  Anderson,  General  Manager).  In  the 
latter  part  of  1908  Mr.  Adams  opened  an  oflSce  as  consulting 
mining  engineer  in  Mexico  City.  In  1904  he  proceeded  to 
London,  England,  whence,  after  making  some  business  connec- 
tions, he  went  to  Johannesburg,  South  Africa.  After  about 
six  months  there  he  was  about  returning  to  America,  when  he 
was  suddenly  taken  ill,  and  died  in  the  Johannesburg  General 
Hospital. 

John  Wesley  Anderson^  Vice-President  and  General  Manager 
of  the  Carbon  Steel  Co.  and  Vice-President  of  the  Union  Steel 
Casting  Co.,  of  Pittsburgh,  Pa.,  died  at  Harrisburg,  Pa.,  on 
May  19,  1905,  as  the  result  of  injuries  received  in  a  railroad 
train  wreck  at  the  latter  place,  shortly  before.  There  was  a 
party  of  five  on  the  train, — Mr.  Anderson,  his  son.  Prank  W. 
Anderson,  Victor  L.  Crabbe,  the  Purchasing  Agent  of  the 
Carbon  Steel  Co.,  Paul  Bright,  one  of  the  company's  engineers, 
and  George  Loeffler,  their  chemist.  Young  Anderson,  Mr. 
Crabbe,  and  the  senior  Anderson  died  from  their  injuries. 
Mr.  Anderson  was  well  known  in  the  steel  trade,  and  was  the 
patentee  of  a  number  of  valuable  steel-making  processes.  He 
was  a  life  member  of  this  Institute,  dating  from  1898,  and  also 
a  member  of  the  International  Society  of  Testing  Materials, 
and  of  the  Engineers'  Society  of  Western  Pennsylvania. 

William  Barton  Barber  was  born  in  Alameda,  Cal.,  October 
17,  1879.  After  preliminary  education  in  the  High  School  ot 
that  town,  he  entered  Stanford  University,  where  he  was  grad- 
uated  in  1902,  having  made  special  studies  in  geology  and 
mining.  A  geological  trip  through  Nevada  with  Dr.  J.  P. 
Smith  of  Stanford  was  succeeded  by  a  year's  engagement  as 
Assistant  Superintendent  of  the  Eureka  quicksilver  mine ;  after  . 
which  Mr.  Barber  returned  to  Stanford  University  for  a  post- 
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graduate  course.  At  the  same  time  he  had  an  office  in  San 
Francisco,  where  he  did  much  petrographic  work  for  the  State 
Mining  Bureau  and  for  engineers.  In  July,  1904,  he  became 
associated  with  the  management  of  the  Kennedy  mine,  Jack- 
son, Amada  Co.,  Cal.,  and  was  still  in  that  employ  when  attacked 
by  typhoid  fever  in  the  spring  of  1905.  He  was  taken  home 
for  care,  but  in  vain.     He  died  in  Alameda,  May  4,  1906. 

Mr.  Barber's  interest  in  geologic  research  was  keen  and  in- 
telligent. He  contributed  articles  on  local  conditions  in  British 
Columbia  and  in  the  Coast  Range  of  California  to  the  American 
Geologist  and  the  Journal  of  Geology j  and  in  many  ways  evinced 
both  capacity  and  character.      He  joined  the  Institute  in  1901. 

Thomas  A.  Bennett^  born  at  Salisbury,  England,  in  1843,  died 
November  22,  1905,  at  Lima>  Peru,  and  was  buried  in  the  Bel- 
lavista  Cemetery  near  Callao,  in  the  presence  of  many  friends 
who  had  been  attached  to  him  during  his  honorable  and  useful 
career  in  that  country.  Mr.  Bennett  was  well  known  as  a 
mining  engineer,  usually  preferring  independent  work  to  con- 
tinuous employment.  He  had  pursued  his  profession  actively 
in  the  United  States  (especially  in  Utah,  Nevada  and  Montana), 
New  Zealand,  Australia,  Mexico,  Chile,  Colombia,  and,  for  his 
last  six  years,  in  Peru — a  land  in  which  he  became  much  inter- 
ested, and  for  which  he  predicted  a  notable  development. 

Mr.  C.  Reginald  Enock  writes  to  the  Engineering  and  Mining 
Journal  as  follows : — "  He  was  much  esteemed  in  Lima  for  his 
upright  character  and  disposition,  and  his  death  is  a  loss  to  the 

country The  writer  knew  him  for  some  years,  and  had 

been  his  companion  in  various  expeditions  into  the  Peruvian 
Cordilleras ;  for,  notwithstanding  his  advanced  age,  Mr.  Ben- 
nett was  an  indefatigable  traveler.  He  represented  important 
interests,  both  at  home  and  abroad,  and,  as  a  result  of  his  work, 
several  large  mining  enterprises  were  under  way  in  Peru,  in- 
cluding the  famous  Cerro  de  Pasco  copper-mines,  which  were 
first  taken  up  on  his  initiative.  It  is  for  the  writer  a  melancholy 
pleasure  to  pay  this  small  tribute  to  the  memory  of  a  fellow-en- 
gineer and  countryman,  one  who  was  always  generous  as  an  asso- 
ciate in  business  matters  and  loyal  as  a  friend."  Mr.  Bennett's 
coworkers  in  many  places  testify  to  his  sterling  worth  in  the 
profession.     He  became  a  member  of  the  Institute  in  1890. 
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John  Walter  Best^  who  died  in  the  city  of  Denver,  Colo.,  Au- 
gust 20,  1904,*  was  born  in  Central  City  of  that  State,  April 
13,  1875,  removing  with  his  parents  to  Denver  in  1887.  His 
education  was  gained  at  the  Denver  High  School ;  the  State 
School  of  Mines,  where  he  spent  a  year;  and  the  Sheffield  Sci- 
entific School  of  Yale  University,  which  he  entered  in  1894, 
graduating  in  1897.  Both  at  school  and  at  college  he  took 
high  honors ;  at  Sheffield  especially  in  chemistry  and  for  gen- 
eral excellence.  He  became  chairman  of  the  executive  board 
of  the  Yale  Scientific  Monthly,  and  was  otherwise  honored  by 
his  class  and  society  associates.  His  first  professional  position 
was  that  of  Manager  of  the  Saratoga  mine  at  Central  City, 
Colo.  He  was  next  Assistant  Geologist  of  the  Colorado  Fuel 
&  Iron  Co.,  for  which  he  examined  and  reported  on  coal  and 
iron  properties  in  several  counties.  He  then  accepted  the 
superintendency  of  the  Piero,  N.  M.,  copper-mines  of  the  Gil- 
christ &  Dawson  Co.,  and,  while  under  this  engagement,  was 
attacked  by  typhoid  fever,  narrowly  escaping  death.  In  1901 
he  became  Treasurer  and  General  Manager  of  the  Northern 
Coal  &  Coke  Co.  of  Denver,  holding  this  position  until  the 
time  of  his  decease.  In  the  autumn  of  1903  he  was  again  at- 
tacked by  typhoid  fever,  and  never  recovered.  He  was  mar- 
ried in  1902.  Mr.  Best  became  a  member  of  the  Institute  in 
1889. 

Luke  W.  Bryan,  a  leading  colliery  engineer  and  operator 
in  the  Southwest,  died  at  Kansas  City,  Mo.,  March  26,  1905. 
He  began,  his  career  as  a  boy  picking  slate  at  the  Pink  Ash 
breaker,  Jeddo,  Pa.,  1862-4.  From  1870,  for  five  years  he 
worked  in  various  capacities  in  the  anthracite  mines  of  Penn- 
sylvania. In  1875  he  engaged  in  opening  and  operating  the 
Spadro-Outi  and  Coal-Hill  mines  on  the  Missouri  Pacific  Rail- 
way, and  remained  in  that  work  until  1886,  when  he  was  made 
Superintendent  for  the  Kansas  &  Texas  Coal  Company  of  St. 
Louis,  Mo.  He  held  that  position  until  1894,  when  he  became 
United  States  Mine  Inspector  for  the  Indian  Territory.  He 
filled  many  important  positions  from  that  time  on,  having  been 
Industrial  Agent  for  the  Missouri,  Kansas  &  Texas  Railway; 

*  iDformation  concerDiDg  Mr.  Best's  life  was  not  received  in  time  to  include 
the  notice  in  the  1905  BuUetinj  although  his  death  was  included  in  the  list. 
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General  Manager  of  the  Mexican  Gulf  Coal  &  Transportation 
Co.,  operating  coke-ovens  at  Aldersen,  and  mines  and  coke- 
ovens  at  Howe,  both  in  the  Choctaw  Nation.  He  was  Vice- 
President  of  the  State  National  Bank  of  South  McAlester, 
L  T.,  where  he  made  his  residence ;  President  of  the  Bryan 
Coal  &  Lumber  Co. ;  and  largely  interested  in  the  Degnan- 
McConnell  Coal  Co.     He  joined  the  Institute  in  1901. 

Edwin  Stout  Daugheriy  was  born  in  Dubuque,  Iowa,  January 
13,  1874.  From  1892,  for  two  years  he  was  employed  as 
draughtsman  in  the  U.  S.  Navy  Department,  in  connection 
with  the  construction  of  the  torpedo-boat  Ericsson  and  the 
revenue  cutter  WUliam  Windom.  From  1894  to  1897  he  was 
draughtsman  and  engineer  in  the  construction  department  of 
the  Denver  &  Rio  Grande  R.R.  Co.  During  the  next  following 
two  years  he  was  Engineer  for  the  Pueblo  (Colo.)  Smelting  & 
Refining  Co.,  the  Portland  Gold  Mining  Co.  at  Victor,  Colo., 
and  at  the  iron-mines  of  the  Colorado  Fuel  &  Iron  Co.  After 
this,  he  went  to  South  America  as  Engineer  for  the  Inca  Min- 
ing Co.  and  the  Inca  Rubber  Co.,  Tirapota,  Peru.  In  August, 
1905,  he  was  attacked  by  illness,  and  on  September  3d  got  up 
from  his  sick  bed  and  wandered  away  from  his  headquarters 
into  the  surrounding  forest,  where  his  body  was  found  seven- 
teen days  later.  He  probably  died  from  hemorrhage  of  the 
brain.  He  had  been  a  member  of  the  Institute  for  less  than  a 
year. 

WUliam  Scott  de  Camp,  born  in  1846  at  Power ville,  N.  J.,  died 
at  his  residence  in  Mount  Morris  Park  West,  N.  Y.,  on  April 
8,  1905.  As  a  civil  and  mining  engineer,  he  had  become  in- 
terested in  forest  lands,  parks,  timber,  and  mines  in  the  Adi- 
rondack regions  of  Herkimer  county,  N.  Y.,  and  had  perso- 
nally, as  an  expert  forester,  the  care  of  some  40,000  acres  of 
forest  land  there.  He  was  also  interested  in  Morris  county 
mines,  in  New  Jersey.  A  member  of  the  Society  of  American 
Engineers,  the  American  Forestry  Association,  and  the  Adiron- 
dack League  Club,  he  had  been  a  member  of  this  Institute  since 
1875.  He  had  but  recently  returned  from  a  trip  to  the  Ber- 
mudas, when  he  was  stricken  with  pneumonia,  and  died  after 
a  very  short  illness.     Mr.  De  Camp  was  a  frequent  and  conge- 
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nial  attendant  upon  the  meetings  and  participant  in  the  excur- 
sions of  this  Institute  for  many  years,  and  his  death  is  deplored 
by  innumerable  friends  among  its  members. 

John  Broome  Guinrij  Jr.,  born  at  Webb  City,  Mo.,  about  1872, 
died  in  St.  Louis  on  May  5,  1905.  He  studied  at  the  Wash- 
ington University,  St.  Louis,  and  for  his  engineering  course  at 
Cornell  University,  N.  Y.  In  1895  he  was  engaged  in  mining 
at  Cripple  Creek  and  in  the  San  Juan  country  near  Silverton, 
Colo.,  and  in  1896  became  Superintendent  of  the  Los  Angeles 
Gold  Mining  Co.,  Cripple  Creek,  under  the  management  of 
Arthur  Winslow.  From  1897  to  1902  he  viras  Superintendent 
of  the  upper  workings  and  tram,  power-house  and  sawmill  of 
the  Durant  Mining  Co.  and  associated  companies  at  Aspen, 
Colo.,  under  the  management  of  Francis  T.  Freeland.  In  1902 
he  was  Manager  of  the  Guinn  Mining  Co.  and  other  properties 
at  Joplin,  Mo.,  in  which  he  and  several  of  his  relatives  were 
interested — a  large  affair,  covering  several  thousand  acres  of 
lead  and  zinc  lands,  with  six  or  seven  concentrating  mills  in 
operation.  These  properties  were  taken  over  by  the  Joplin 
Consolidated  Mining  Co.,  of  which  Mr.  Guinn  was  President 
and  General  Manager  until  his  death.  In  1905  he  removed  to 
St.  Louis,  making  frequent  visits  to  Joplin.  Mr.  Guinn  was  a 
competent  engineer,  faithful  and  honorable  in  his  dealings,  of 
engaging  manner  and  friendly,  hospitable  disposition.  He  was 
a  member  of  the  Elk  Lodge  at  Joplin,  and  joined  this  Institute 
in  1897. 

Dana  C.  Irishy  born  July  17,  1865,  at  Palermo,  IS".  Y.,  was 
killed  April  4,  1905,  by  falling  from  a  broken  plank  at  the 
Santo  Nino  mine,  Tapona,  Durango,  Mexico.  His  technical 
studies  were  at  the  State  School  of  Mines,  Golden  City,  Colo., 
1888-9,  and  in  1890-1  he  was  foreman  at  the  Lamartine  mine 
at  Idaho  Springs.  In  1891-2  he  went  to  the  State  of  Chihua- 
hua, Mex.,  and  in  1893  was  Superintendent  of  the  Belen  mine 
and  concentrator  at  La  Barranca,  Souora.  In  1894-5  he  was 
again  at  the  Lamartine  mine,  and  in  1896-7  was  Assayer  at 
Brodie's  mill,  Cripple  Creek,  Colo.  For  several  years  he  fol- 
lowed the  specialty  of  chemist,  and  in  1897-8  returned  to 
Mexico,  where  he  had  charge  of  cyanide  plants.     In  1899  he 
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became  Chemist  and  Assistant  Metallurgist  for  the  Compania 
Minera  de  Peuoles,  at  Mapimi,  Durango,  Mex.,  and,  later,  Su- 
perintendent of  the  mining  properties  of  the  Compania  Minera 
Koehler  &  Wahrmund,  Valardena,  Durango,  in  whose  employ 
he  met  his  death.  Mr.  Irish  joined  the  Institute  in  1900.  He 
was  a  man  of  excellent  practical  judgment,  considerate  in  man- 
ner, and  highly  esteemed  by  his  associates. 

Harry  Hugh  Lee,  born  in  Independence,  Mo.,  about  forty 
years  ago,  removed  with  his  parents  to  Denver,  Colo.,  when  a 
mere  child,  his  father,  W.  D.  Lee,  being  interested  in  mining 
and  real  estate.  Except  for  two  years  of  the  family's  residence 
in  Leadville,  young  Lee  spent  his  early  life  in  Denver,  being 
educated  at  the  public  grammar  and  high  school,  and  then  be- 
coming a  student  at  the  Western  Reserve  College  in  Ohio.  On 
the  death  of  his  father  he  returned  to  Denver  (1884),  and  in 
1885  was  appointed  a  Clerk  in  the  Denver  Post  OflSce,  where 
he  remained  three  years,  all  his  leisure  time  having  been  spent 
in  studying  law.  He  was  admitted  to  the  bar  in  1888,  an.d,  in 
company  with  W.  H.  Bryant,  entered  the  law  office  of  Patter- 
son &  Thomas.  The  dissolution  of  this  firm  in  1889  was  fol- 
lowed in  1890  by  the  formation  of  a  new  one — Thomas,  Bry- 
ant &  Lee,  which  continued  until  Mr.  Lee's  sudden  death,  from 
acute  kidney  trouble,  on  April  21,  1905. 

Mr.  Lee  was  one  of  the  best  known  lawyers  of  Denver,  hav- 
ing taken  active  part  in  many  important  cases.  He  was  espe- 
cially interested  in  mining  and  mining  law,  and  became  an  as- 
sociate member  of  this  Institute  in  1899.  He  was  a  man  well 
read,  of  clear  mind,  of  facile  and  cogent  speech.  Socially,  he 
was  a  great  favorite,  and,  although  holding  no  office,  was  promi- 
nent in  politics.  He  was  a  member  of  all  the  principal  clubs 
of  Denver  and  of  Colorado  Springs,  and  his  death — as  that  of 
a  brilliant  man  in  full  career,  whose  friends  looked  to  him  with 
confidence  for  further  achievements — brought  a  shock  to  a  wide 
circle  of  interests  in  Colorado. 

William  Alford  Lindsay^  born  in  Santiago  de  Chile,  October 
21,  1861,  died  in  Monterey,  Mexico,  January  26,  1905.  He 
was  a  graduate  ef  the  Collegiate  College,  Victoria,  B.  C,  in 
1877,  and  for  a  year  thereafter  served  as  rodman  and  instru- 
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ment-man  in  the  Canadian  Pacific  railway  surveys.  From  1878 
to  1890  he  was,  first,  Assistant,  and,  later,  Chief  Engineer  of 
the  Wellington  and  Union  Coal  Companies,  B.  C. ;  1890—01, 
in  general  practice  as  mining  engineer  in  Denver,  Colo. ;  1891— 
8,  Resident  Engineer  of  the  Choctaw,  Oklahoma  &  Gulf,  and 
the  Kansas  City,  Pittsburgh  &  Gulf  railways;  1898-9,  engaged 
upon  mineral,  forestry,  and  general  scientific  investigation  for 
the  U.  S.  Geological  Survey  in  Indian  Territory,  Montana,  and 
Arizona — the  last  work  he  did  for  the  government  being  to 
run  the  98th  meridian  line.  In  1900-01  he  engaged  in  engi- 
neering work  in  the  mines  of  the  Choctaw,  Oklahoma  &  Gulf 
R.  R.  in  Indian  Territory.  During  1901  he  went  to  Mexico 
as  Chief  Engineer  of  the  Mexican  Coal  &  Coke  Co.,  Las  Es- 
peranzas,  Coahuila,  superintending  the  construction  work  for 
their  coal-mines.  In  1903  he  resigned  this  to  take  position  as 
Coal  Expert  for  the  Compaiiia  Fundidora  de  Pierro  y  Agero, 
of  Monterey,  developing  their  properties  near  Muzquiz,  and 
opening  up  their  San  Felipe  mines,  all  in  Coahuila.  This  po- 
sition he  resigned  in  1904  to  exploit  some  coal  lands  in  the 
vicinity  of  Sabinas,  which  he  had  purchased  in  connection 
with  other  parties  (Messrs.  Garcia  Galan  and  Orturo  Longego), 
and  concerning  which  he  was  very  enthusiastic.  He  was  taken 
ill,  and  after  a  decline  of  about  two  months  passed  away.  Mr. 
Lindsay  was  a  man  of  marked  kindness  and  generosity,  and  a 
general  favorite  among  his  associates,  as  well  as  highly  esteemed 
for  his  efliciency,  especially  in  coal  mining.  His  Institute  mem- 
bership began  in  1902. 

Roland  C.  Luther^  a  widely  known  mining  engineer,  died  on 
March  6,  1905,  at  Pottsville,  Pa.,  in  the  fifty-ninth  year  of  his 
age.  In  his  early  days  of  professional  labor  he  held  various 
positions  under  the  Philadelphia  &  Reading  Coal  &  Iron  Co., 
and  in  1875  went  to  Colorado,  where,  until  1882,  he  was  en- 
gaged in  engineering  work  in  the  silver-mines.  In  that  year 
he  returned  to  Pennsylvania  and  became  the  Chief  Mining  En- 
gineer for  the  Reading  Company,  of  which  he  was  made  Gen- 
eral Superintendent  in  1888.  His  masterly  management  of  the 
Reading  collieries  and  men,  during  the  great  anthracite  strike 
of  1901-2,  resulted  in  his  becoming  Vice-President  of  the  com- 
pany.    After  the  decision  of  the  Anthracite  Coal  Commission 
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was  rendered,  Mr.  Luther  was  one  of  the  three  men  chosen  by 
the  companies  to  represent  the  operators  on  the  Board  of  Con- 
ciliation, created  to  settle  disputes  arising  over  interpretations 
of  the  awards  of  the  Commission.  He  became  a  member  of 
the  Institute  in  1884. 

James  MacNaughton,  born  in  Albany,  N.  Y.,  January  6, 1851, 
died  of  pneumonia  in  New  York  City,  December  29, 1905.  He 
graduated  at  Yale  College  (class  of  1871).  A  geological  explo- 
ration in  the  far  West,  chemical  training  at  the  Albany  Medical 
College,  two  years  at  the  Rensselaer  Polytechnic,  and  later 
studies  at  the  Jficole  des  Fonts  el  Chaussees,  Paris,  with  practi- 
cal experience  during  1875-9  in  surveys  for  new  reservoirs  in 
Putnam  county,  N.  Y.,  for  the  Croton  Acqueduct  Bureau,  and 
as  an  engineer  in  construction  work  of  the  West  Shore  railroad 
along  the  Hudson  river,  gave  him  fine  professional  equipment. 
When  Canada  sent  H.  M.  S.  The  Alert  for  exploration  in  the 
Hudson  Bay  country,  he  accompanied  the  expedition  as  an  en- 
gineer. Later  he  identified  himself  with  the  Maclntyre  Iron 
Co.,  being  its  President  until  his  decease,  and  was  also  Presi- 
dent of  the  Ferro-Titanium  Co.,  with  works  at  Niagara. 

Mr.  MacNaughton  was  a  member  of  the  Fort  Orange  and 
Country  Clubs  in  Albany;  a  Vice-President  of  the  Association 
for  the  Preservation  of  the  Adirondacks ;  and,  in  New  York, 
a  member  of  the  University,  Arts,  and  Downtown  Clubs,  as 
well  as  of  the  American  Society  of  Civil  Engineers  (1880)  and 
of  this  Institute,  which  latter  he  joined  in  1890. 

Gordon  McLean,  who  died  June  6,  1905,  at  his  residence,  in 
Los  Angeles,  Cal.,  was  born  at  Stillwater,  N.  S.,  in  1862.  His 
father's  connection  with  gold-mining  in  that  province  led  him 
to  adopt  that  profession.  In  1879  he  went  to  Colorado  and 
New  Mexico  as  a  miner,  and  in  1882  to  Morenci,  Ariz.,  where 
he  rose  to  be,  in  1883,  at  the  age  of  21,  Superintendent  of  the 
mines  of  the  Detroit  Copper  Co.  For  twenty  years  he  man- 
aged this  property,  acquiring  and  operating  new  mines,  until 
at  his  retirement,  in  1902,  the  number  was  about  100.  When 
Phelps,  Dodge  &  Co.  bought  out  the  other  owners  in  1897,  Mr. 
McLean  was  retained  as  Mine  Manager.  As  President  of  the 
Morenci  Water  Co.  and  the  Morenci  Improvement  Co.,  he 
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greatly  promoted  the  welfare  of  the  town.  In  March,  1902,  to 
the  sincere  regret  of  the  directors  and  employees  of  the  Copper 
Co.,  he  retired  from  his  position  as  Mine-Manager,  and  removed 
to  Los  Angeles,  where  he  died.  He  had  been  since  1899  a 
member  of  the  Institute. 

Herbert  Holmes  McNamara  was  born  in  Ishpeming,  Mich-, 
April  1,  1872.     His  training  consisted  of  two  years  (1890 — 2) 
at  the  University  of  Minnesota,  a  year  of  practical  field-work 
exploritig  in  Ontario  gold-fields  with  J.  C.  Foley  (1894),  and  a 
year  of  laboratory  work  and  study  under  C.  H.  Graham,  MT.E- 
(1895).     From  1896  to  1898  he  was  in  the  North  Carolina 
gold-fields;  in  1898-9  working  in  the  gold  and  copper  camps 
about  Prescott,  Arizona;  for  several  years  engaged  in  explora- 
tion work  in  the  Mogollan  and  Matitzal  mountains  and  Crook: 
Canyon  of  New  Mexico,  and  in  the  iron  regions  of  Minnesota. 
In  1902  he  became  the  field-representative  of  the  Dividend 
Development  Co.  of  Chicago,  and  at  the  end  of  1903  he  went 
to  Duluth,  Minn.,  where  he  died,  January  8,  1905.     His  mem- 
bership in  the  Institute  dated  from  1902. 

August  H.  Meyer ^  who  died  at  his  home  in  Kansas  City,  Mo., 
on  December  1,  1905,  was  widely  known  as  a  metallurgist,  es- 
pecially in  the  silver-lead  and  the  zinc  smelting  industries, — ^in 
the  former  from  its  earliest  days  and  in  the  latter  more  re- 
cently. Mr.  Meyer  was  trained  in  the  Royal  School  of  Mines 
at  Freiberg,  Saxony,  and  not  long  after  Leadville,  Colorado, 
became  known  for  its  silver-lead  properties,  he  went  thither 
and  interested  himself  in  ore-buying.  He  went  into  the  smelts 
ing  business  with  the  Harrison  Reduction  Works,  and  later 
with  the  Arkansas  Valley  Smelting  Co.,  which  he  came  to  con- 
trol. When  the  Consolidated  Kansas  City  Smelting  and  Re- 
fining Co.  took  over  the  Arkansas  Valley  Co.,  Mr.  Meyer  re- 
moved to  Kansas  City,  and  still  later  became  a  director  and 
member  of  the  operating  committee  of  the  American  Smelting 
and  Refining  Co., — which  included  the  Kansas  City  works 
among  its  purchases.  In  1901  he  organized  the  South  West- 
ern Chemical  Co.,  for  the  manufacture  of  sulphuric  acid  and 
other  chemicals,  in  Kansas  City.  A  consolidation  of  this  com- 
pany with  the  Standard  Acid  Co.  (engaged  in  smelting  zinc- 
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ore  and  making  sulphuric  acid  at  lola,  Kan.)  was  named  the 
TJnited  Zinc  and  Chemical  Co.  Of  this  corporation  Mr.  Meyer 
was  the  President  until  his  decease. 

Mr.  Meyer  combined  unusual  business  capacity  with  thor- 
ough scientific  equipment  as  a  metallurgist,  and  achieved  a 
handsome  success  both  in  pecuniary  returns  and  in  professional 
recognition  of  his  abilities.  He  contributed  some  valuable 
papers  to  Raymond's  reports  as  U.  S.  Commissioner  of  Mining 
Statistics  in  early  days ;  but,  after  becoming  immersed  in  the 
conduct  of  his  own  scientific  and  commercial  interests,  he  had 
but  little  time  for  writing. 

Mr.  Meyer  took  an  active  interest  in  the  improvement  of 
Kansas  City,  where  he  built  a  beautiful  residence,  in  the  style 
of  a  chateau,  and  inspired  and  promoted  the  municipal  move- 
ment for  a  very  extensive  and  picturesque  park,  and  for  the 
aesthetic  treatment  of  the  bluff  along  the  Missouri  river- 
front. 

He  became  a  member  of  the  Institute  in  1886,  and  to  many 
of  its  members,  as  to  all  his  employees  and  business  associates, 
he  was  a  valued  friend. 

William  Orr  was  born  at  Aitkenhead,  Beith,  Ayrshire,  Scot- 
land, September  1,  1870,  and  died  in  Denver,  Colo.,  November 
21,  1905.  After  schooling  at  Beith  Academy,  at  about  the 
age  of  sixteen  he  entered  the  employment  of  a  dispensing 
chemist  in  Glasgow,  where  he  remained  three  years,  meantime, 
during  the  winters,  attending  evening  classes  and  lectures. 
Assisted  by  receiving  a  "  bursary  "  (scholarship),  he  now  en- 
tered the  Glasgow  and  West  of  Scotland  Technical  College, 
and  in  1892  received  its  professional  degree.  He  then  joined 
the  technical  staff  of  the  Cassel  Gold  Co.  as  research  chemist 
and  assayer,  remaining  in  that  employ  until  May,  1894,  when 
he  came  to  the  United  States  in  the  same  capacity  for  the  Den- 
ver operating  office  of  the  Glasgow  concern,  the  Gold  and  Sil- 
ver Extraction  Co.  of  America,  Ltd.  Here  he  remained  until 
the  time  of  his  death,  becoming  Chief  Chemist  in  1904,  and 
General  Manager  in  1905.  Mr.  Orr  was  reputed  as  a  thor- 
oughly well  informed  metallurgist,  perfectly  trustworthy,  an 
agreeable  associate,  and  a  successful  worker  in  his  profession. 

He  became  a  member  of  the  Institute  in  1897. 
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William  J.  Parker,  Jr.,  was  born  February  21, 1878,  at  Cleve- 
land, 0.,  and  graduated  in  1898  from  the  Case  School  of  Ap- 
plied Science  in  that  city.     He  went  immediately  to  Mexico, 
and  afterwards  to  several  of  the  Western  mining  States,  where 
he  was  employed  in  erecting  cyanide-plants.     Finally,  he  was 
engaged  by  the  Whitney  Reduction  Co.,  of  Salisbury,  N.  C, 
with  which  he  remained  until  his  sudden  and  early  death.    For 
six  years  he  had  charge  of  the  assay-office  and  reduction-works, 
and  the  mining  of  the  company  at  Gold  Hill,  N.  C.     He  also 
surveyed  the  company's  land,  inaugurated  hydraulic  operations 
on  the  Yadkin  river,  and  erected  an  electric  light  plant.     Mr. 
E.  B.  C.  Hambley,  Vice-President  of  the  Whitney  Co.,  writes . — 
"He  was  a  great  student  and  a  hard  worker;  he  was  honest, 
straightforward  and  thoroughly  reliable,  a  iirst-class  assayer 
and  metallurgist.     He  was  fearless  and  persistent,  thoroughly 
competent  in  every  particular,  and  had  .the  fullest  confidence 
of  myself  and  the  company."     This  promising  life  was  cut 
short  July  21,  1905,  near  Whitney,  N.  C,  as  Mr.  Parker  was 
riding  near  the  works  erecting  under  his  supervision.   A  stroke 
of  lightning  killed  him  and  his  horse ;  several  of  the  workmen 
were  stunned,  but  not  fatally  injured.     Mr.  Parker  joined  the 
Institute  in  1898. 

Joseph  Philips,  Jr.,  died  suddenly,  of  heart-failure,  at  Salem, 
Ky.,  October  13,  1906.  He  was  born  near  Nashville,  Tenn., 
January  16,  1878.  His  early  education  was  received  in  the 
Preparatory  School  of  the  University  of  the  South,  Sewanee, 
Tenn.,  and  his  technical  training  at  the  School  of  Mines  and 
Metallurgy,  Lehigh  University,  where  he  graduated  in  1896. 
He  entered  first  the  service  of  the  Costa  Rican  government  as 
mining  engineer  and  metallurgist,  returning  to  the  United 
States  in  1897.  For  the  following  three  years  he  was  with  the 
Consolidated  Gold,  Mining  &  Milling  Co.,  of  Dahlonega,  Ga., 
and  after  that  went  to  Oaxaca,  Mexico,  as  Manager  and  Mining 
Engineer  of  the  Conejo,  Colorado,  Monterey,  and  Estrella 
gold-mines.  At  the  time  of  his  death  he  was  engaged  in  de- 
velopment-work on  zinc,  lead,  and  fluorspar  properties,  near 
Salem,  Ky.  Mr.  Philips  became  an  associate  of  the  Institute 
while  yet  a  student,  in  1895,  and  soon  afterwards  a  member. 

[12] 


BIOGRAPHICAL   NOTICKS   OP    1906.  869 

Charles  0,  JRipley  was  born  in  Nichols,  N.  Y.,  in  1883  and 
died  September  21,  1905.  He  was  a  member  of  the  firm  of  D. 
Ripley  &  Son8,of  Newark,  N.  J.,  dealers  in  lumber  and  timber, 
and  became  interested  in  mining  matters  from  his  ownership 
of  iron  mining  property.  He  was  elected  an  associate  of  the 
Institute  in  1902. 

Emmerich  J,  Schmitz^  born  at  Coblentz,  Prussia,  March  14, 
1851,  and  a  graduate  of  the  Polytechnic  Institute  of  Aachen, 
Prussia,  who  had  been  active  in  mining  and  engineering  afi'airs 
in  this  country  since  1879,  died  in  New  York  City,  April  5, 
1905.  His  first  engagement  here  was  with  the  Thomas  Iron 
Co.  of  Pennsylvania,  and  his  observations  during  that  period 
were  published  in  an  article  entitled,  '*  Upon  the  Present 
Stand  of  the  Blast-Furnace  Industries  of  the  United  States  of 
America,"  in  the  Berg-und  mitten-JUanmsche  Zeituvg^  April  20, 
1880.  He  was  then  employed  by  railroad  interests  in  Ten- 
nessee to  examine  and  report  upon  routes  and  mineral  resour- 
ces in  Tennessee,  Kentucky,  and  West  Virginia,  preliminarily 
to  the  construction  of  roads;  and  as  geologist  of  the  Louis- 
ville &  Nashville  R.  R.  Co.  examined  their  lands  in  the  South- 
ern States.  Some  results  of  this  work  were  published  in  the 
Transactions  of  this  Institute  in  1888,  Mr.  Schmitz  having 
become  a  member  in  that  year.  A  list  of  his  several  contri- 
butions appears  below.  During  more  than  twenty  years  the 
examinations  of  Mr.  Schmitz  ranged  from  Canada  and  Nova 
Scotia  over  a  dozen  or  more  States  of  the  Union  to  Mexico, 
Central  America  and  Cuba,  and  at  one  time  to  the  Philippines ; 
and  the  objects  of  his  examination  were  variously  gold,  silver, 
lead,  zinc,  coal,  iron,  fiiirnaces,  petroleum,  asphalt,  copper, 
cobalt,  nickel,  sulphur,  talc,  abestos,  onyx,  mineral  waters,  the 
value  of  street  railways,  comparison  of  electricity  and  steam 
as  railway  power,  timber,  general  estimates,  etc.,  as  to  all  of 
which  he  made  multitudinous  reports.  He  was  at  one  time  in 
charge  of  the  construction  of  the  capitol  buildings  in  Colum- 
bia, S.  C. 

His  contributions  to  the  Transactions  were  as  follows : — 

Title.  Volume.  Page. 

Contributions  to  the  Geology  of  Alabama,    .         xiii.         144. 
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xii. 

388. 

xiv. 

410. 

xxiv. 

397- 

XXV. 

477. 

XX  vi. 

97- 

xxvi. 

1051. 
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Title.  Volume.         Pa^re. 

Geology  and  Mineral  Resources  of  the  Rio 

Grande  Region  in  Texas  and  Mexico, 
The  Wolf  Benzine  Burning  Safety  Lamp, 
The  Structure  of  the  Richmond  Coal  Basin,  . 
A  Section  of  Rich  Patch  Mountain  at  Iron 

vraie,  va.,.         .         .         .         «         •         . 
Copper  Ores  in  the  Permian  of  Texas,  • 

Discussion, 

Notes  of  a  Reconnaissance  from  Springfield, 

Mo.,  into  Arkansas, xxviii.         264. 

Ludwig  Philip  Seeger,  born  and  educated  in  Frankfort-oa- 
Main,  Germany,  died  in  New  York  on  the  10th  of  March, 
1905,  at  the  age  of  31.  He  came  to  this  country  about  1892, 
and,  as  a  trusted  employee  of  the  American  Metal  Co.  and  the 
Metallgesellschaft  of  Frankfort,  became  unusually  well  in- 
formed in  all  matters  of  the  metal  market.  He  was  an  earnest 
Free  Mason,  and  State  Secretary  of  the  German  Lodge  here. 
His  genial  nature  gave  him  many  friends.  He  became  an 
associate  member  of  the  Institute  in  1900. 

Jacob  Johnston  Sperry^  of  whose  death  the  Institute  was  ap- 
prised late  in  1905,  as  having  occurred  December  26,  1902, 
was  born  in  Amsterdam,  Va.,  August  1,  1861.  He  studied  at 
the  Virginia  Agricultural  and  Mining  College,  Blacksburg  (now 
Virginia  Polytechnic  Institute).  In  1880-1  he  worked  for  the 
Norfolk  &  Western  Railroad  on  their  civil  engineering  corps, 
and  in  1881-2  on  the  Georgia  Pacific.  From  1882  to  1885  he 
was  prospecting  in  Colorado;  1885  to  1893  was  spent  in  the 
employ  of  the  Northern  and  Western  R.R. ;  from  1890  at 
Hemphill,  W.  Va.,  as  resident  engineer  of  that  portion  of  the 
road.  Between  1893  and  1900  Mr.  Sperry  was  coal-pros- 
pecting in  Western  Virginia,  especially  investigating  the  con- 
ditions of  the  deposits  in  the  Tug  river  field,  where  he  located 
and  became  owner  of  some  10,000  acres  of  coal  lands.  The 
"  Sperry  Vein  "  in  McDowell  county  proved  to  be  valuable;  it 
was  worked  by  the  Sperry  Coal  &  Coke  Co.  Mr.  Sperry's 
death  occurred  at  his  home  in  Hemphill.  His  Institute  mem- 
bership began  in  1900. 
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Grustavus  H,  Stoiber^  President  of  the  Iowa  Gold  Mining  & 
Milling  Co.,  who  was  born  in  New  York  City,  December  26, 
1857,  died  suddenly  in  Silverton,  Colorado,  August  1,  1906. 
He  was  educated  in  the  public  schools  of  New  York,  prepared 
for  a  business  career  in  a  commercial  college,  was  engaged  in 
business  in  New  York  and  Philadelphia,  and  identified  with 
various  business  and  mining  enterprises  in  and  near  Silverton, 
Colorado,  since  1888.  He  became  a  member  of  the  Institute 
in  1902. 

William  L.  Study^  who  died  June  8,  1905,  was  born  in 
Tyrone,  Pa.,  May  16,  1878.  In  1897-98  he  was  employed  as  a 
practical  miner  with  the  Cibolo  Creek  Mill  &  Mining  Co.  (sil- 
ver), of  Shatter,  Texas.  In  1900,  shortly  after  the  discovery  of 
the  quicksilver  deposits  in  Brewster  county,  of  that  State,  he 
entered  the  employment  of  the  Marfa  &  Mariposa  Mining  Co., 
of  Terlingua,  becoming  Superintendent  in  1902.  That  position 
he  held  until  1904,  when,  being  interested  in  the  development 
of  the  Big  Bend  Cinnabar  Mining  Co.,  he  resigned  from  the 
Mariposa  to  become  the  Vice-President  and  Manager  of  the  lat- 
ter company,  which  position  he  held  until  the  time  of  his  death. 
Mr.  Study  had  no  technical  education,  but  through  books  and 
close  attention  to  the  practical  side  of  mining  and  furnace 
work,  busying  himself  with  the  problems  of  economic  mining, 
he  became  exceedingly  proficient,  especially  in  the  develop- 
ment of  the  quicksilver  industry.  Of  great  quietness  and 
steadiness  of  character,  excellent  ability,  and  thorough  integ- 
rity, he  stood  exceptionally  high  in  the  estimation  of  his'  asso- 
ciates and  of  the  important  district  where  he  was  known.  He 
became  a  member  of  the  Institute  early  in  1905. 

Robert  Macnair  Wilson  Swan  died  at  Pahang  in  the  Malaysian 
Peninsula  in  January,  1905.  He  was  born  February  8,  1858, 
at  Maryhill,  near  Glasgow,  Scotland,  and,  without  regular 
technical  education,  began  work  in  May,  1876,  sampling  and 
assaying  ores  in  various  parts  of  Spain  for  D.  Swan  &  Co.,  at 
which  he  continued  until  February,  1878.  From  September, 
1878,  to  February,  1885,  he  was  engaged  in  managing  Cala- 
mine mines  in  the  Island  of  Antiparos,  Greece,  for  the  same 
concern.     From  April,  1898,  t»  May,  1894,  he  was  examining 
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mining  properties  in  Mashonaland  for  the  Magar  Syndicate. 
May,  1894,  to  September,  1896,  found  him  Manager  of  the 
Glasgow  Mashonaland   Syndicate   and    the    Northern    Gold 
Fields  of  Mashonaland ;  and  from  September,  1896,  to  May, 
1897,  Manager  of  the  Glasgow  Explorers'  Syndicate  in  West- 
ern Australia.     During  parts  of  1897-98  he  was  reporting  on 
mines  in  Siam  for  the  Areacan  Co.,  of  London,  and  in  1900, 
when  he  joined  this  Institute,  he  was  Manager  of  the  Malaysian 
Co.,  of  Bombay,  engaged  in  directing  operations  at  their  mine 
on  the  Tui,  in  Pahang,  and  in  exploring  mines  for  them  else- 
where in  Malaysia  and  Siam.    He  was  still  in  the  management 
of  this  company's  practical  affairs  at  the  time  of  his  decease. 

Mr.  Swan,  besides  his  connection  with  the  Institute,  which 
began  in  1900,  was  a  member  of  the  Chemical  Society,  the 
Geological  Society,  and  the  Royal  Geographical  Society,  all  of 
London. 

Richard  Henry  Terhune  died  in  Easton,  Pa.,  January  15, 
1905.  He  came  from  Hackensack,  N.  J.,  in  his  early  man- 
hood, after  a  public  school  education,  to  take  employment  in  the 
Novelty  Iron  Works  of  New  York  City.  A  simple  mechanic, 
he  had  a  taste  for  study  and  a  desire  to  improve,  intellectually 
and  socially ;  so  that  he  frugally  saved  his  earnings  until  he 
could  afford  the  time  and  the  money  for  a  technical  training. 
He  entered  the  Columbia  School  of  Mines,  and  took  his  degree 
of  E.  M.  in  1870,  winning  the  appreciation  of  his  fellows  by  his 
sterling  qualities  of  character.  One  of  them  records  an  amus- 
ing instance  of  Terhune's  correcting  a  professor's  lecture  on 
the  steam-engine,  both  teacher  and  class  being  interested  in 
his  practical  knowledge  of  the  facts,  as  an  observant  mechanic, 
and  pleased  with  his  unassuming  and  respectful  earnestness. 
These  qualities — thoroughness  of  knowledge  and  simple  sin- 
cerity— seem  to  have  marked  Mr.  Terhune's  course  through 
life.  After  graduation  in  1870  he  became  assistant  to  the  late 
J.  W.  Poster  in  examination  of  Indiana  coal  fields;  in  1871  he 
was  with  the  Griswold  Steel  works ;  1872-77  with  the  Joliet 
Steel  Works ;  1877-80  Assistant  Superintendent  and  Superin- 
tendent of  smelting-works  in  Utah;  1880-93,  General  Super- 
intendent of  the  Hanauer  Smelting  Works,  Utah ;  1894,  ex- 
amining  and    reporting  on  mines  and   works;    1896,    Chief 
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Engineer  and  Superintendent  again  of  the  Hanauer  Works,  and 
from  1900  to  the  end  of  his  life,  engaged  in  private  practice  as 
mining  expert  and  consulting  metallurgist,  and  1901-1908  he 
was  Managing  Trustee  and  Superintendent  of  the  Tomichi 
Valley  Smelting  Co.,  Sargent,  Colo.  Early  in  1904  he  re- 
moved from  Denver  to  Easton,  Pa.,  where  in  a  little  less  than 
a  year  he  closed  a  useful  life. 

Mr.  Terhune  joined  the  Institute  originally  in  1871,  and 
resigned  in  1873.  He  was  again  elected  in  1886  and  remained 
a  member  until  his  death. 

His  contributions  to  the  Transaeiions  were  as  follows : 

Title.  Volume.  Page. 

Malleable  Cast-Iron, i.  233. 

Address  of  Welcome  at  Utah  Meeting,     .         .  xvi. 

Ore-  and  Matte-Roasting  in  Utah,     .         .         .  xvi.  18. 

Notes  on  Cast-Steel  Water-Jackets,  .         .         .  xvii.  131. 

Joseph  Thiry  was  born  in  the  Grand  Duchy  of  Luxemburg, 
and  after  a  good  education  and  a  life  of  varied  experiences  as 
engineer  and  metallurgist,  both  in  Europe  and  America,  died 
September  8,  1905,  at  Vesinet  near  Paris,  France,  in  his  39th 
year.  Mr.  Thiry  was  connected  with  wealthy  iron-manufac- 
turers in  Luxemburg,  which  gave  him  his  early  bent ;  but  he 
came  to  America  in  1891,  while  still  young,  and  was  for  some 
time  employed  in  the  metallurgical  laboratory  of  Ricketts  4; 
Banks,  mining  engineers,  in  New  York  City.  In  1893  he  was 
with  the  Sterling  Iron  &  Railway  Co.,  of  Sterlington,  N.  Y., 
and  after  a  year  or  so  again  with  Ricketts  &  Banks.  In  1896 
we  find  him  in  Brebach,  Saarbrucken,  Germany,  Manager  of 
blast  furnace  and  coke  oven  plant  of  the  Stumm  Works ;  in 
1901,  in  London,  England;  1903  at  Inch-Cape,  Chiselhurst, 
England,  as  Manager  for  the  Otto-Hilgenstock  Coke-Oven  Co., 
Limited,  of  London;  and  in  1904  he  settled  in  Paris,  as  Di- 
rector of  the  Paris  bureau  of  Messrs.  Dr.  C.  Otto  &  Co.,  while 
also  carrying  on  his  own  oflice  as  Inginieur.  Mr.  Thiry's  asso- 
ciates in  America  retain  very  agreeable  memories  of  him.  He 
joined  the  Institute  in  1892,  while  in  New  York,  and  main- 
tained the  connection  until  his  decease. 
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John  N,  Tisdale  was  born  in  Simcoe,  Ontario,  Canada,  in 
1845,  and  met  his  death  by  drowning  in  the  Harlem  river. 
New  York  City,  in  November,  1905.  He  was  not  a  technically 
educated  engineer,  but  gained  knowledge  by  practical  experi- 
ence in  prospecting  and  in  the  equipment,  development  and 
management  of  mining  properties.  For  some  years  of  his 
active  career  he  was  engaged  upon  a  large  scale  in  the  cattle 
business  in  Wyoming  and  Utah,  with  headquarters  in  Salt 
Lake  City,  where  he  was  well  known.  During  the  90*8  he 
went  to  Alaska,  looking  for  property  to  develop  for  himself 
and  others.  He  spent  some  money  and  time  developing  pros- 
pects near  Sitka  and  Juneau,  and  acquired  some  interests  near 
Wrangell ;  but  the  permanent  location  of  his  activity  was  at 
Snettisham.  Here  the  Sitka-Alaska  Gold  Mining  Co.,  which 
he  represented  and  in  which  he  was  heavily  interested,  in 
1899  purchased  the  property,  became  the  Alaska-Snettisham 
Gold  Mining  Co.,  erected  a  wharf  on  the  bay,  a  stamp  mill  and 
other  improvements,  and  operated  the  mines.  Mr.  Tisdale  was 
President  and  Manager  until  his  death.  The  Vice-President 
was  Mr.  W.  A.  Shaw,  of  the  Calumet  &  Hecla  Mining  Co.,  of 
Boston,  Mass.  Mr.  Tisdale  was  a  man  of  marked  personality, 
having  many  friends  in  Alaska  and  strong  financial  backing  in 
the  East.  He  was  buoyant  and  generous,  hopeful  in  disposi- 
tion, and  full  of  energy  and  activity.  He  became  prominent  in 
Alaska  politics,  and  at  one  time  was  urgently  recommended 
for  appointment  as  territorial  governer.  He  joined  the  Institute 
in  1903. 

Alfred  Isham  Totten  was  born  in  Hartford,  Conn.,  son  of  the 
Rev.  Silas  Totten,  D.D.,  at  that  time  President  of  Trinity  Col- 
lege. Later,  Dr.  Totten  presided  over  William  and  Mary  Col- 
lege in  Virginia,  in  which  State  the  son  passed  much  of  his 
boyhood  until  he  was  eighteen  years  of  age,  when  the  family 
removed  to  Lexington,  Ky.  Here  he  attended  Kentucky  Uni- 
versity. When  the  City  of  Cincinnati  undertook  to  build  the 
Southern  Eailway,  in  1869,  he  joined  one  of  the  preliminary 
surveying  parties,  and  after  a  valuable  field  experience  of  three 
years,  was  placed  in  charge  of  the  oflice  in  Cincinnati,  where 
he  remained  two  years.  In  1874,  when  the  work  of  con- 
struction began,  Mr.  Totten  was  assigned  to  field  work,  and 
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completed  over  thirty  miles  of  the  road.  After  eight  years  in 
the  employ  of  the  Cincinnati  Southern  R.  R.,  he  opened  an 
office  for  general  business  in  Lexington,  Ky.,  while  holding 
the  position  of  City  Engineer.  Later^  he  entered  the  field  of 
mining,  and  developed  the  Barren  Fork  Coal  Mine  in  the 
Cumberland  Mountains  on  the  line  of  his  old  road,  and  was 
for  a  number  of  years  their  engineer  and  manager.  This 
was  admitted  to  be  the  best  planned  coal  mine  of  that  region, 
and  under  Mr.  Totten's  wise  and  just  management  was  un- 
disturbed by  strikes.  In  1886  Mr.  Totten  was  made  Super- 
visor of  Streets  in  Lexington ;  many  improvements  now  mak- 
ing in  that  city  were  suggested  and  advocated  by  him  twenty 
years  ago.  lie  built,  as  engineer,  the  Lexington  Passenger 
and  Belt  Railway  and  an  electric  light  and  power  plant.  After 
this  he  became  manager  of  Glen  Mary  Mines  in  Tennessee, 
conducting  them  successfully  for  some  years,  and  resigning  to 
forward  an  enterprise  in  gold  mining  in  Northeastern  Georgia. 
This  venture  proving  a  failure,  he  engaged  in  mining  opera- 
tions in  Kentucky  and  West  Virginia ;  and,  in  Pennsylvania, 
built  the  Pittsburg,  McKeesport  and  Connellsville  Electric  Rail- 
way, seventy-five  miles  in  length. 

On  January  1,  1905,  Mr.  Totten  went  to  Tracy  City,  Tennes- 
see, to  take  charge  of  work  for  the  Tennessee  Coal  and  Iron 
Co.  There  he  died,  on  July  28  of  the  same  year,  to  the  sor- 
row of  all  who  knew  him.  He  possessed  in  an  eminent  degree 
the  affection  and  trust  of  all  his  friends,  and  especially  of  those 
in  all  walks  of  life  who  worked  with  him,  while  his  orderly 
and  systematic  qualities  of  mind,  excellent  judgment  and 
varied  experience  made  him  a  valuable  member  of  his  profes- 
sion.    He  joined  the  Institute  in  1897. 

Walter  Harry  Virgoe  was  born  in  England,  December  2, 1868. 
He  was  educated  at  King's  College,  London  (Engineering  De- 
partment). Owing  to  feeble  health,  in  1891  he  sought  out-door 
life  in  America,  and  in  1892  became  chemist  to  the  Gold  and 
Silver  Extraction  Co.  of  America,  Ltd.,  in  Denver;  from  1894 
to  1898  he  filled  the  same  position  with  the  American  Gold 
and  Silver  Recovery  Co.,  Ltd.,  Mexico  City.  Still  seeking  re- 
lief from  asthma,  which  was  his  life-long  foe,  and  the  cause  of 
his  death  at  last,  he  went  to  South  Africa,  and  in  1899-1900  he 
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was  Cyanide  Superintendent  to  Regende,  Ltd.,  Rhodesia.  In 
Ma3%  1900,  he  returned  to  Mexico  City  as  Chief  Chemist  for 
the  Mexican  Gold  and  Silver  Recovery  Co.,  Ltd.,  again,  and 
while  in  their  service  designed  several  cyanide  plants,  which 
were  erected.  In  1903  he  returned  to  London  for  some  months, 
but  in  1904  was  again  in  Mexico  City,  where  he  died  May  18, 
1906.     His  Institute  membership  dated  from  1902. 

Charles  H.  Wellman  died  June  22,  1905,  from  injuries  re- 
ceived  in  the  wreck  of  the  "  Twentieth    Century   Limited  " 
railway  train  at  Mentor,  0.,  the  day  previous.      He  was  born 
in  Nashua,  N.  H.,  June  12,  1865,  his  father  being  at  that  time 
Superintendent  of  the  Nashua  Iron  Co.,  and  his  early   years 
familiarizing  him  with  the  processes  of  iron-making.      In  Oc- 
tober, 1881,  he  was  taken  into  the  employ  of  the  Morgan  En- 
gineering Co.,  of  Alliance,  O.,  where    he  served  his  time  as 
machinist  and  draughtsman.    In  1885  he  joined  the  Otis  Steel 
Works,  of  Cleveland,  0.,  as  chief  draughtsman,  and  was  soon 
put  in  charge  of  the  open-hearth  department.    After  five  years 
he  became,  in  1890,  Superintendent  of  the  Wellman  Steel  Co. 
in  Thurlow,  Pa.,  and  in  1895    Superintendent   of  the  open- 
hearth  department  of  the  Illinois  Steel  Co.  at  South  Chicago. 
In  1896  he  organized,  with  John  W.  Seaver,  the  Wellman- 
Seaver  Engineering  Co.,  which  in  1902,  recognizing  the  ser- 
vices of  Thomas  R.  Morgan,  manager  of  the  works,  was  re- 
named the  Wellman-Seaver-Morgan  Engineering  Co.,  and  in 
1903,  following  its  absorption  of  the  Webster-Camp  &  Lane 
Co.,  of  Alliance,  0.,  it  became  the  Wellman-Seaver-Morgan 
Co.     The  railway  disaster  deprived  this  company  of  two  of  its 
most  eflS^cient  workers,  Mr.  Morgan  being  killed  instantly  and 
Mr.  Wellman  dying  the  next  day.      Mr.  Wellman  was  recog- 
nized as  one  of  the  foremost  steel  engineers  of  the  country, 
being  an  inventor  as  well  as  a  producer.     At  the  time  of  his 
death  he  was   also  President  of  the  Electric  Controller  and 
Supply  Co.     He  joined  the  Institute  in  1890. 

Harvey  Ladao  Williams  was  born  in  New  York  City,  March 
31,  1875,  and  died  August  4,  1905.  Mr.  Williams  was  a  gradu- 
ate of  Harvard,  Class  of  1897.  He  spent  most  of  the  years 
1900  and  1901  in  the  study  of  mineralogy,  chemistry  and  min- 
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ing  under  the  direction  of  his  father,  Mr.  John  T.  Williams  (a 
graduate  of  the  Columbia  School  of  Mines  and  a  member  of 
the  Institute),  and  spent  about  six  months  in  1902-3  in  examin- 
ing mining  properties  in  Arizona.  Since  March,  1903,  he  had 
been  in  charge  of  the  mining  department  (including  active  su- 
pervision of  mining  in  various  clay-  and  vein-deposits  of  bar 
rytes)  of  the  Bristol  (Tenn.)  Barium  Works,  owned  by  John 
T.  Williams  &  Sons,  of  New  York  City  and  Bristol,  of  which 
firm  he  then  became  a  member.  He  was  also  active  in  the  in- 
vestigation of  other  mining  properties  in  North  Carolina,  Ten- 
nessee and  Virginia,  his  firm  having  interests  in  the  Blue  Ridge 
Mineral  &  Lumber  Co.,  the  Bristol  Barrel  &  Stave  Mills,  and 
other  properties.  Mr.  Williams  was  elected  an  Associate  of  the 
Institute  in  September,  1903,  and  in  February,  1904,  was  made 
a  Member. 
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A  Novel  Method  of  Mining  Kaolin. 

BY  ALBERT  R.    LEDOUX,    NEW  YORK,    N.  Y. 
(Betblehem  Meeting,  February.  1906.) 

I  AM  indebted  to  The  Kaolin  Co.  of  West  Cornwall,  Conn., 
and  particularly  to  its  engineer,  Mr.  M.  Wanner,  for  permis- 
sion to  make  public,  through  the  Transactions  of  the  American 
Institute  of  Mining  Engineers,  the  interesting  results  of  his 
experiments,  having  in  view  the  winning  of  kaolin  from  deep 
deposits  without  shaft-sinking  or  removing  of  the  overburden. 
So  far  as  I  am  aware,  nothing  like  it  has  been  accomplished 
heretofore,  although  it  reminds  one  of  the  methods  success- 
fully employed  in  Louisiana  for  the  winning  of  sulphur  from 
deep  beds  by  the  sinking  of  pipes  one  within  another,  injecting 
superheated  steam  under  pressure  through  one  pipe,  the  heat 
of  the  steam  liquefying  the  sulphur  and  the  pressure  forcing  it 
up  through  the  other  pipe  to  bins  at  the  surface. 

The  kaolin-deposit  at  West  Cornwall  is  an  alteration  m  situ — 
that  is,  it  is  not  sedimentary.  A  series  of  clay-veins  dipping 
about  60°  from  the  vertical,  lie  between  a  foot-wall  of  limonite 
and  a  hanging-wall  of  gneiss  and  hornblende  schist.  The  clay- 
veins  alternate  with  veins  or  seams  of  more  or  less  broken 
quartz,  and  unaltered  feldspar.  The  deposit,  which  occurs  at  a 
point  about  600  ft.  above  the  Housatonic  river,  was  opened  five 
years  ago,  and  about  5,000  tons  of  a  superior  grade  of  washed 
kaolin  has  been  extracted  from  open  pits  and  sold.  It  soon 
became  evident  that  this  mode  of  extracting  the  product  would 
prove  unremunerative,  by  reason  of  the  dip  of  the  vein  and  the 
intercalary  strata  and  lenses  of  quartz,  and  a  more  satisfactory 
method  of  working  the  deposit  was  sought.  It  is  well  under- 
stood, that,  in  the  preparation  of  all  clays  for  market,  espe- 
cially residuary  kaolin,  the  most  important  as  well  as  the  most 
difficult  step  is  the  washing  of  the  crude  product.  The  diffi- 
culties increase  with  the  percentage  of  foreign  matter,  espe- 
cially quartz  and  mica,  contained  in  the  product,  hence  a  sys- 
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tern  of  working  a  clay-deposit  by  which  it  would  be  possible  to 
obtain  the  crude  material  from  great  depths  without  removing 
the  overburden  (or,  in  the  case  of  veins,  without  resorting  to 
shafts,  drifts  and  other  underground  workings  requiring  tim- 
bering), and,  at  the  same  time,  minimize  the  raising  of  waste 
material  with  the  marketable  product,  would  be  of  great  ad- 
vantage. 

Proceeding  on  the  logic  of  these  observations,  Mr.  Wanner, 
the  engineer  temporarily  in  charge  of  the  operations  at  the 
mines,  conceived  the  scheme  to  disintegrate  the  kaolin  in  situ 
by  means  of  jets  of  water  under  sufficient  pressure  and  floating 
the  resultant  product  to  the  surface.  This  product  is  technically 
known  in  the  pottery  trade  as  <'slip."  To  accomplish  this 
result  holes  are  drilled  through  the  overlying  gneiss,  a  pipe  of 
4-in.  internal  diameter  is  inserted  into  the  bore  and  driven  into 
the  clay  body  to  within  a  few  feet  of  the  foot-wall.  The  wells 
in  operation  are  from  50  to  198  ft.  deep.  Into  this  4-in.  pipe 
or  "  casing,"  an  interior  pipe  is  inserted  of  2-in.  external  di- 
ameter, leaving  an  annular  space  of  1-in.  for  the  flow  of  the 
slip.  The  lower  end  of  the  internal  pipe  is  provided  with  a 
mouthpiece  with  several  nozzle-like  openings  for  the  exit  of 
the  water;  the  mouthpiece  rests  on  the  clay  body,  and  the 
interior  pipe  sinks  gradually  as  the  clay  is  removed  until  it 
rests  on  the  foot-wall  of  the  vein.  For  the  operation  of  these 
"  hydraulics  "  a  head  of  water  equivalent  to  a  pressure  of  from 
40  to  60  lb.  per  sq.  in.  is  required,  according  to  the  nature  of 
the  vein-matter. 

Residuary  kaolin  slacks  more  or  less  readily,  according  to 
the  amount  of  sand  and  mica  mixed  with  it.  In  the  case  in 
point,  it  has  been  found  that  a  pressure  of  40  lb.  is  amply  suf- 
ficent  to  cause  the  disintegration,  the  vein-matter  contains  20 
per  cent,  and  the  slip,  discharged  by  the  hydraulics,  from  60  to 
75  per  cent,  of  pure  kaolin.  The  purity  of  the  discharged  slip 
is  inversely  proportional  to  the  velocity  of  the  overflow. 

Observations  made  during  the  past  summer's  work  have 
shown  that  the  overflow  contains  from  5  to  10  per  cent,  of  solid 
matter.  A  discharge  of  100  gal.  per  min.  through  the  annular 
space  of  9.42  sq.  in.  from  a  depth  of  127  ft.  yielded  5  per  cent, 
of  solid  matter,  of  which  75  per  cent,  was  pure  kaolin,  while  a 
discharge  of  200  gal.  per  min.  through  the  same  orifice  from 
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the  same  depth,  gave  a  slip  containing  10  per  cent,  of  solid 
matter  but  only  64  per  cent,  of  pure  kaolin,  the  rest  being 
finely-divided  quartz  and  mica. 

One  of  the  factors  directly  responsible  for  the  purity  of  the 
slip  as  well  as  for  the  facility  of  the  separation  or  washing  of 
the  product  is  the  accumulation  of  the  waste  material  in  the 
cavities  caused  by  the  withdrawal  of  the  product  through 
which  the  slip  has  to  pass  to  arrive  at  the  lower  orifice  of  the 
casing.  The  passage  of  the  slip  through  this  mass,  which  con- 
sists principally  of  a  breccia  of  quartz,  acts  as  a  scouring  me- 
dium, efiectively  helps  in  the  separation  of  the  clay  particles 
fi:om  associated  fine  scales  of  mica,  and  renders  easy  its  final 
division  by  subsidence. 

In  addition  to  the  lessening  of  the  cost  of  extraction,  the 
method  described  has  eflfectually  solved  the  transportation  of 
the  product  to  the  railroad.  Heretofore,  the  kaolin  washed  and 
dried  at  the  mines  was  carted  by  teams  over  a  difficult  moun- 
tain road  to  West  Cornwall,  4  miles  distant.  The  fuel  for  the 
whole  plant  had  to  be  hauled  up  the  mountain  the  same  dis- 
tance. With  slip  issuing  from  the  hydraulics  of  only  10  per 
cent,  of  solid  matter  and  sufficient  fineness  to  pass  through 
100-mesh  screens,  the  conveyance  of  the  product  through  a 
pipe-line  to  the  Housatonic  valley  oflfers  no  difficulty,  and  the 
company  now  contemplates  the  "erection  of  a  new  washing- 
plant  adjacent  to  the  river  and  railroad. 
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Notes  on  the  Gayley  Dry-Air  Blast-Process. 

BT  C.  A.  MBI88NER,  NEW  TORK. 
(Bethlehem  Meeting,  February,  1906.) 

The  following  is  a  Airther  discussion  of  the  paper  of  James 
Gayley, "  The  Application  of  Dry- Air  Blast  to  the  Manufacture 
of  Iron ''  (Tran^.y  xxxv.,  746),  with  special  reference  to  his  sup- 
plementary paper  (BirMonthly  Bvlletiny  No.  4,  July,  1906,  pp. 
797  to  819),  and  to  the  paper  of  J.  E.  Johnson,  Jr.,  "  Notes  on 
the  Physical  Action  of  the  Blast  Furnace  "  {BirMonthly  BvUetin, 
No.  5,  September,  1905,  pp.  1111  to  1146). 

Mr.  Gayley's  paper  has  been  discussed  also  by  E.  Windsor 
Richards,  R.  W.  Raymond,  E.  H.  Saniter,  W.  J.  Foster,  H.  M. 
Howe,  V.  Pendred,  B.  H.  Thwaite,  James  Gayley  and  Alexan- 
der Pourcel  {Trans.,  xxxv.,  pp.  1022  to  1042),  Joseph  W. 
Richards  {BirMonthly  Bulletin,  No.  4,  July,  1906,  pp.  708  to 
718);  T.  W.  Robinson  {Bi-Mmthly  BvUetin,  No.  4,  July,  1906, 
pp.  788  to  796);  C.  B.  Dudley,  R.  W.  Raymond,  J.  E.  Johnson, 
Jr.,  W.  F.  Mattes,  James  Gayley,  David  Baker,  John  Birkin- 
bine  and  F.  E.  Bachman  {BirMonthly  Bylktin,  No.  5,  Septem- 
ber, 1906,  pp.  1147  to  1162) ;  E.  de  Mille  Campbell  {Bi-Monthly 
Bulletin,  No.  1,  January,  1906,  pp.  26  to  60);  John  Birkinbine 
{BirMonthly  Bulletin,  No.  1,  January,  1906,  pp.  137,  138). 

At  the  Washington  meeting  of  the  Institute,  May,  1906,  a 
very  instructive  and  interesting  paper  was  presented  by  Mr.  J. 
E.  Johnson,  Jr.,  entitled  "Notes  on  the  Physical  Action  of  the 
Blast  Furnace,"*  in  which  reference  is  made  to  Mr.  Gayley's 
dry-blast  process.  A  few  of  Mr.  Johnson's  conclusions,  as 
summarized  in  the  last  pages  of  his  paper,  do  not  appear  to 
me  to  be  in  complete  accordance  with  the  results  obtained  at 
the  Isabella  furnaces;  and  I  therefore  present  the  following 
notes,  which  may  throw  further  light  on  this  subject : 

Mr.  Gayley  has  called  attention  to  the  fact  that  the  moisture 
in  the  air  is  an  extremely  variable  and  uncertain  factor ;  and 

^  Pablished  in  Bi'M(mihly  Bulletin,  No.  5,  September,  1905,  pp.  1111  to  1146. 
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that,  while  every  possible  eflfbrt  has  been  made  to  control  the 
composition  of  the  burden  of  raw  materials  within  10  per  cent 
of  variation,  yet  there  has  been  no  such  control  of  the  compo- 
sition of  the  blast,  the  actual  weight  of  which  is  1.43  to  1  of 
the  weight  of  the  solid  charge,  and  which  may  vary  daily  from 
20  to  100  per  cent,  in  its  content  of  moisture  and  in  its  tem- 
perature. Those  who  have  studied  the  subject  know  that  these 
conditions  exist  wherever  iron  is  made.  The  gist  of  Mr  Gayley's 
labors  in  this  direction  is  the  endeavor  to  secure  a  uniform 
composition  of  the  air  supply  (which,  after  all,  is  the  largest 
and  most  important  factor  in  the  manufacture  of  iron),  as  the 
furnaceman  does  for  the  mixture  of  fuel,  ore  or  flux,  constitut- 
ing the  solid  charge. 

Various  suggestions  to  bring  about  this  result  have  been 
made  by  many  writers ;  and,  in  some  cases,  it  has  been  argued 
that  the  reported  results  of  Mr.  Gayley's  dry-air  blast  showing 
a  gain  of  from  10  to  20  per  cent,  in  the  output  of  pig-iron,  and 
a  saving  of  from  10  to  20  per  cent  in  coke  consumption,  were 
due  to  natural  air  conditions  existing  at  the  time  of  his  experi- 
ments. It  has  also  been  pointed  out  that  these  reported  econ- 
omies were  obtained  in  the  winter  months.^  This  criticism, 
however  plausible,  was  based  on  insufficient  data ;  Mr.  Gay- 
ley's  first  figures  having  covered,  in  fact,  but  a  comparatively 
short  period,  and  that  largely  in  the  winter  months.  But,  ac- 
cording to  later  experience,  covering  summer  months  as  well, 
all  the  dry-air  blast  periods  indicate  a  similar  tendency  to  con- 
tinous  higher  pig-iron  production  and  a  lower  coke  consump- 
tion.    This  is  shown  by  additional  data  given  below. 

A  comparison  of  the  natural-blast  records  of  Furnace  No.  3 
for  the  winter  months,  February  and  March,  1903,  with  similar 
previous  records,  showed  that  the  coke-consumption  in  these 
winter  months  (2,225  lb.  per  ton  of  pig-iron  produced)  did  not 
difl^ier  materially  from  that  of  the  summer  months.  In  1904, 
like  results  were  obtained ;  the  fuel  consumption  (2,297  lb.  per 
ton  of  pig-iron  produced)  being  practically  constant  through- 
out the  year;  in  fact,  the  monthly  records  of  both  furnaces  dur- 
ing the  natural-air  periods  preceding  the  dry-blast  periods 
showed  as  uniform  and  steady  operations  as  is  possible  to  get 

*  BirMtmthly  BulUtiriy  No.  5,  September,  1905,  p. . 
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under  such  conditions.  In  1895,  however,  the  records  show 
that  the  lowest  coke-consumption,  averaging  about  1,800  lb. 
per  ton  of  pig-iron  produced,  was  obtained  daring  the  three 
winter  months  of  the  dry-air  period  of  Furnace  No.  3,  showing 
that  the  gain  from  the  use  of  dry-blast  is  by  no  means  re- 
stricted to  the  summer  months.  In  the  winter  months,  given 
above.  Furnace  No.  8,  running  on  mill-iron,  saved  at  least  20 
per  cent,  in  coke-consumption,  as  compared  with  that  required 
by  natural  air,  under  otherwise  similar  conditions  in  the  winter 
months  of  the  two  preceding  years. 

It  has  also  been  said  that  in  very  cold,  dry  periods,  an  in- 
crease in  pig-iron  production,  and  a  decrease  in  coke-consump- 
tion, equal  to  those  reported  by  Mr.  Gayley,  have  been  ob- 
tained. It  is  to  be  regretted  that  these  statements  were  not 
accompanied  with  tabulated  data,  permitting  critical  compari- 
sons. Such  data  should  show  the  length  of  time  covered,  and, 
especially,  whether  the  20  per  cent,  increase  of  pig-iron  pro- 
duction and  the  20  per  cent,  decrease  in  coke-consumption  were 
obtained  simultaneously. 

I  have  in  mind  here  Mr.  Walter  Crooks'  graphic  statement^ 
showing  a  gain  in  pig-iron  production  and  a  decrease  in  coke- 
consumption  during  winter  months  over  summer  months  for 
two  years ;  yet  even  these  figures  show  but  a  6  per  cent,  in- 
crease in  pig-iron  produced  and  9  per  cent,  decrease  in  the  quan- 
tity of  coke  consumed.  No  data  are  given  showing  the  actual 
production  of  pig-iron,  the  consumption  of  coke  or  the  tem- 
perature of  the  blast. 

Among  the  records  which  I  have  been  able  to  study  (those 
of  about  90  furnaces  for  from  four  to  six  years  back),  there  are 
none  which  show  that  any  such  percentage  of  iron-increase 
and  coke-decrease  either  took  place  simultaneously  under  nat- 
ural dry  atmospheric  conditions,  or  even  covered  separately 
any  long  period.  They  often  show  a  distinct  tendency  to  an 
increase  in  the  pig-iron  production  during  such  natural  dry-air 
conditions;  but  with  a  few  exceptions,  practically  stationary 
or  but  slightly  varying  coke-consumption.  In  the  early  part 
of  November,  1905,  when  the  atmospheric  conditions  gave  an 
almost  dry  air,  one  of  the  Isabella  furnaces,  running  with  nat- 

'  Discussion,  Journal  of  the  Iron  and  Sled  InatituU,  vol.  Ixvii.,  pp.  267,  268. 
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ural  blast,  increased  its  productiou  from  875  to  430  tons  per 
^^7  9  y^t  during  all  this  time,  the  coke-consumption  remained 
practically  stationary,  the  increased  iron-production  being  due 
to  the  temporary  ability  to  blow  harder,  which  meant  an  in- 
crease in  the  number  of  revolutions.  Moreover,  this  lasted 
only  eight  or  ten  days ;  so  that  it  presented  no  parallel  to  Mr. 
Gayley's  results,  which  were  obtained  with  a  decreased  number 
of  revolutions  and  an  immediate  and  simultaneous  increase  in 
the  production  of  iron  and  a  decrease  in  the  coke-consumption. 

In  short,  the  economies  effected  by  the  use  of  the  dry-air 
blast  are  now  shown  to  be  uniform  and  continuous  for  periods 
of  months  together,  and  to  be  practically  unaffected  by  stop- 
pages, repairs,  or  other  disturbances.  These  economies  have 
been  achieved  with  two  furnaces  that  had  run  for  more  than 
two  and  three  years,  had  produced  respectively  more  than 
300,000  and  nearly  400,000  tons  of  pig-iron  upon  their  exist- 
ing linings,  had  been  repeatedly  banked,  and  were  more  or 
less  damaged.  I  think  this  record  cannot  be  matched  from 
experience  with  natural-air  blast,  and  is,  therefore,  conclusive 
as  to  the  value  of  Mr.  Gayley's  invention. 

Another  point  brought  out  by  some  of  the  arguments  on  the 
subject,  and  one  which  is  apparently  carrying  great  weight  in 
many  minds,  is  the  one  of  the  temperature  of  the  blast. 

It  has  been  stated  frequently  that  an  increase  in  blast-tem- 
perature alone  would  accomplish  the  same  results  as  those  ob- 
tained by  Mr.  Gayley.  The  necessary  increase  of  temperature 
to  do  this  has  been  variously  estimated  at  from  150°  to  400*^  F., 
and  the  estimates  of  the  amount  of  coke  saved  by  every  100*^ 
of  increased  blast-temperature  vary  considerably. 

Table  I.,  giving  the  average  blast-temperature  during  the 
natural-blast  and  dry-blast  periods  of  the  two  furnaces  named, 
shows  a  difference  of  average  of  temperature  between  the  first 
natural-air  period  and  the  dry-blast  period  of  Furnace  No.  1, 
of  about  60°  F.  only,  while  in  the  second  natural-air  period, 
following  that  of  the  dry-blast,  the  average  blast-temperature 
was  actually  about  10°  F.  higher.  For  Furnace  No.  3,  the  natu- 
ral-air temperature  was  only  45°  below  that  of  the  dry-blast. 

According  to  Fig.  2  of  Mr.  Johnson's  paper,*  air  at  800°  F., 

*  Bi-MarUhly  Bulletin,  No.  5,  September,  1906,  p.  1132. 
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<;ontaiDing  5  grains  of  moieture  per  cu.  ft.,  would  yield  about 
1,200  B.tu.,  and  air  at  850®  F.,with  2  grains  of  moisture  per 
cu.  ft.,  would  yield  about  1,460  B.tu.  of  "  available  heat"  per 
lb.  of  fuel  consumed.  The  latter  figure  fairly  represents  dry- 
blast  conditions,  and  (assuming  the  average  coke-consumption 
with  natural-blast  as  2,275  lb.  per  ton  of  pig-iron  produced)  in- 
dicates a  coke-consumption,  for  dry-blast,  of  1,875  lb.,  which 
closely  accords  with  practice. 

We  may  proceed  to  inquire  what  would  be  the  effect  of  dry- 
blast  combined  with  higher  temperature — say,  1,200°  F.,  which 
is  350®  F.  more  than  that  of  the  blast  at  the  Isabella  furnaces 
during  the  dry-blast  period  in  which  the  coke-consumption  was 
reduced  to  1,850  lb.  According  to  Mr.  Johnson's  diagram, 
this  increase  from  850°  F.  to  1,200°  F.,  on  a  blast  containing  2 
grains  of  moisture  per  cu.  ft.,  should  increase  the  "  available 
heat "  from  1,450  to  about  1,850  B.t.u.  Theoretically,  this 
would  reduce  the  coke-consumption  of  1,875  lb.  for  the  former 
temperature,  to  about  1,270  lb.  for  the  latter.  But,  if  we  apply 
the  practical  factor  of  50  lb.  less  coke  per  ton  of  pig-iron  for 
every  additional  100°  F.  of  blast-temperature,  we  shall  have, 
in  the  case  stated,  a  saving  of  175  lb.  of  coke  per  850°  F.  of  ad- 
ditional temperature ;  and  consequently,  for  blast  at  1,200°  F. 
containing  2  grains  of  moisture  per  cu.  ft.,  a  coke-consumption 
of  1,700  lb.  per  ton  of  pig-iron  produced.  This  appears  to  be 
a  reasonable  expectation,  according  to  our  present  knowledge 
of  the  effects  of  the  dry  blast. 

Further  study  of  the  monthly  blast-temperatures  showed 
that,  in  many  cases,  the  monthly  averages  for  natural  air  were 
higher  than  for  dry-blast,  and  yet  that  neither  coke-consump- 
tion nor  product  of  iron  differed  materially  in  those  particular 
months  from  the  corresponding  figures  for  other  months  of  nat- 
ural-air blast,  characterized  by  100°  F.  or  150°  F.  lower  blast- 
temperature.  In  other  words,  the  effects  of  the  blast^tempera- 
ture,  within  these  limits,  were  counteracted  by  other  causes, 
such  as  the  varying  atmospheric  temperature  and  moisture. 
Furnace-men  are  obliged  to  carry  a  surplus  of  coke  above  the 
theoretical  requirement,  as  a  reserve  source  of  heat  to  meet 
these  frequently  great  and  sudden  changes  in  the  atmosphere ; 
and  the  existence  of  this  reserve  (which  would  not  be  required 
with  dry  blast)  prevents  not  only  the  close  regulation  of  tem- 
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Table  I. — Comparison  of  Natural  Air  and  Dry-Blast 


Period. 


U! 


Temp. 
Degrees  F. 


Blast. 


Furnace  No.  1. 

First  natural-air  period 

From  July  to  Oct.  15, 1906. 

i Banked  three  months), 
an.  to  Aug..  1904. 
Drv-blast  period 

From  Aug.  1904,  to  Jan., 

1905,  and  including  Aug. 

1905. 
Second  natural-air  period..... 

From  Jan.  to  Aug.,  1905. 
Furnace  No.  8. 
First  natural-air  period 

From  Jan.  to  8ept..  1908. 

Banked  four  months. 

Feb.  to  May,  1904. 

Banked  three  months. 

Sep.  to  Nov.,  1904. 
Parnal  dry-blast  period 

Natural  air  December,  1904 

Dec.,  1904,  to  Jan.  15, 1905. 

*One  engine  dry-blast,  Dec. 

One  engine  dry-blast,  Jan.. 

Two  engines  dry-blast, Jan. 

Three    engines    dry-blast 

Jan 

Dry-blast  period 

From  Jan.  to  Aug.,  1905.      I 


314  ,  Basic.  !    357  ,  2,275     807 


164 

205 

478 

21 


T. 


Basic.  I    486  I  1,821 


Gases 


Basic.      883  |  2,256 


Basic,  j 
iBesse'r.' 


Basic. 


Basic 
Basic. 


4  I  Basic. 


17     Basic 
208  IBesse'r. 


870 


453 

409 
425 

432 
400 


2,258 


2,807 


2.204 
2,829 
1.980 

1.824 
1.961 


854 


775 


516 


897 


501 


^  Grains  of  Moifftare. 


Atmosphere 


Dry  Bbstu 


Day.  Night;  Day.  Night 


118     8.93 


% 


3.50 


106     8.44 

I 


108  I  3.22 


3.92  I 


3.56  '  1.33      1.21 


8.60  I.. 
3.35    .. 

i 
I 


785 


820 


104  I  1.41     1.47  u... 

"i'na'z 


448  I 


111  I  1.46 
''S'lSiSf 


3.60     1.26      1.17 


*  Three  engines  on  each  fomaoe. 

perature,  engine-revolutions,  etc.,  but  also  the  clear  interpreta- 
tion of  their  efFecte.  It  has  been  suggested,  indeed,  that  a  con- 
tinuous automatic  record  of  these  factors  would  permit  a  better 
control  of  them ;  but  such  frequent  changes  (sometimes  from 
hour  to  hour)  as  this  suggestion  would  require  in  the  engine- 
revolutions,  blast -temperature,  charge,  etc.,  would  be  not  only 
well  nigh  impracticable,  but  might  also  cause  other  evils,  inci- 
dent tx)  irregular  running,  and  greater  than  those  which  they 
were  intended  to  remedy. 

The  natural  atmospheric  irregularities  mentioned  unques- 
tionably affect  the  zone  of  fusion  in  the  furnace;  and  such 
changes  in  the  position  and  condition  of  this  zone,  whicli  are 
the  chief  causes  of  difficulty  in  furnace-management,  are,  at 
times,  by  reason  of  atmospheric  changes  outside,  much  greater 
than  has  been  generally  assumed.  Obviously,  the  wisest  course, 
if  practicable,  is  not  passively  to  suffer  these  effects  to  begin 
and  then  try  to  remedy  them,  but  to  prevent  them  altogether 
by  securing  uniform  blast-conditions,  so  that  the  zone  of  fusion 
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Periods  of  Isabella  Furnaces  Nos.  1  and  8. 


Temperature. 

t 

4 

if 

Yield  of  Ore. 

1^ 

1 

H 

Atmosphere!  Dry  Blast. 

fi 

Ac^ 

tual. 

49.4 

52.9 

51.1 
51.9 

Theo- 
retical. 

Differ- 
ence. 

Day. 

Night 

Day. 

Night 

1 

52.4 

59.1 
53.0 

1  to  1.96 
1  to  2.40 
1  to  1.89 

1.96 

1077 

65.9 

6^.9 

56.8 
65.2 

6.5 

2.0 

5.2 
8.8 

7.27 

78.0 

88.0 
82.0 

14.9 

14.1 

18.9 
16.8 

32.4 

56.0 
49.1 

20.0 

19.9 

1.90 

1.91 
1.90 

1052 

965 
1282 

18.9 
21.0 

50.1     50.0 

1  to  1.90 

28.2 

34.0 

33.0 

51.78 

64.86 

2.66 

95.6 

81.0 

30.0 

51.83 

54.36 

8.08 

88.4 

80.0 
76.0 

49.1 

66.8 

18.0 

18.0 

llo2.ll 

1.85 

1080 

54.88 

66.80  1      1.92 

1 

18.9 

11.9 

may  be  held  steadily  in  its  position  ;  thereby  preventing  scaf- 
folding and  irregular  running,  increasing  the  life  of  the  lining, 
and,  above  all,  permitting  a  reduction  of  the  amount  of  coke 
otherwise  required  as  a  margin  of  safety.  It  is  not  necessary 
to  amplify  this  argument.  The  conditions  involved  are  femil- 
iar  to  all  furnace-men. 

The  temperature  of  the  atmosphere,  as  supplied  to  the  en- 
gine-cylinders, is  a  very  important  factor  in  the  use  of  dry-air 
blast  The  difference  in  weight  of  saturated  and  dry-air  per 
cu.  ft.,  at  different  temperatures,  is  shown  in  Table  11. 

Table  II. — Difference  in  Saturated  and  Dry-Air  Per  Cubic  Foot 
at  Different  Temperatures. 


Grains  of  Moisture 

at  100  Per  Cent 

Saturation. 

0.55 

0.91 

2.12 

4.38 

8.54 

15.75 


At  Saturated.  Dry. 

O""  F.  equals  0.0863  lb.  per  cu.  ft  of  air,  or  0.0864 
12^  F.  equals  0.0841  lb.  per  cu.  ft.  of  air,  or  0.0842 
32^  F.  equals  0.0805  lb.  per  cu.  ft  of  air,  or  0.0807 
62**  F.  equals  0.0772  lb.  per  cu.  ft  of  air,  or  0.0776 
72"*  F.  equals  0.0739  lb.  per  cu.  ft  of  air,  or  0.0747 
92^  F.  equals  0.707  lb.  per  cu.  ft  of  air,  or  0.0720 
[7] 
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Table  II.  shows  that  a  change  of  every  20®  F.  is  equivalent 
to  a  change  of  4  per  cent,  of  the  actual  weight  of  the  air 
pumped  into  the  furnace  per  revolution,  or  every  5°  F.  is  equiv- 
alent to  1  per  cent,  of  the  air  by  weight.  Taking  this  on  ap- 
proximately 40,000  cu.  ft.  per  minute  blown  at  the  Isabella 
works  for  one  ftirnace,  this  1  per  cent,  of  difference  in  weight 
of  air  for  every  5°  would  be  equivalent  to  about  400  cu.  ft, 
per  minute,  or  a  little  more  than  the  air  blown  in  by  one  revo- 
lution. The  effect  of  this  can  be  shown  in  several  ways.  For 
instance,  comparing  Furnaces  Nos.  1  and  8,  the  former  run- 
ning on  dry-blast  and  the  latter  on  natural  air,  both  with  the 
same  air-cylinder  capacity  per  miu.  (377  cu.  ft.  per  rev.),  we  find 
that  No.  1  ran  96  rev,  or  86,  192  cu.  ft.  per  min.,  or  51,840,- 
000  cu.  ft.  per  24  h.,  dry-air  blast  entering  at  28°  (the  weight 
of  the  air  saturated  at  2  grains  of  moisture,  being  0.081  lb. 
per  cu.  ft.),  and  gave  4,199,040  lb.  of  air  in  24  h.;  while  No.  3 
ran  118  rev.,  or  42,600  cu.  ft.  per  min.,  or  61,844,000  cu.  ft. 
per  24  h.,  normal  air  entering  at  90®  (the  weight  of  the  air  with 
6  grains  of  moisture  being  0.0711  lb.  per  cu.  ft.)  and  gave 
4,861,660  lb.  of  air  in  24  hours. 

In  other  words,  about  8.75  per  cent,  less  air  goes  in  on  15 
per  cent,  less  blowing-requirement.  As  the  temperature  of  the 
dry-air  blast  varies  somewhat,  and  is  usually  lower,  it  can  be 
accepted  that  practically  the  same  amount  of  air  enters  by 
weight  in  the  above  stated  conditions,  thus  materially  reducing 
the  power  required. 

To  show  more  clearly  the  effect  of  uniformity  of  tempera- 
ture, the  data  have  been  arranged  in  Tables  III.  and  IV. 


Table  HI. — Some  Results  of  the  Dry-Blast  Period 
of  Furnace  No.  1. 


1904. 

Dally  Pig 

Iron  Make. 

Tons. 

Coke- 
Consump- 

tiOD. 

Pounds. 

Moisture 

in 

Dry  Blast 

Grains. 

Moisture 

in 

Air. 

Grains. 

Temp. 

of 

Dry  Blast. 

•F. 

Temp, 
of 

op 

August,      .     . 

.     .     448 

1,758 

1.80 

6.62 

27.1 

71,0 

September, 

.     .    442 

1,754 

1.56 

5.16 

22.0 

71.6 

October,     .    . 

.     .     416 

1,862 

1.18 

3.11 

18.0 

66.5 

Noyember, 

.     .     442 

1,816 

1.02 

1.99 

19.0 

44.0 

December, 

.     .     445 

1,823 

1.03 

1.43 

17.6 

33.6 

1905. 
January,     .     . 

.    .    428 

1,822 

1.76 

1.46 

13.6 

30.5 

August,       .     . 

.     .     411 

1,829 

1.70 

6.94 

23.0 

76.0 
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This  indicated  that,  'per  se^  the  moisture-content  is  not  so 
controlling  a  factor  as  the  temperature,  or  rather  the  uniformity 
of  temperature.  The  differences  in  temperature  in  dry-air, 
though  comparatively  much  less  violent  than  those  of  moisture, 
are,  of  course,  almost  stationary  compared  to  the  differences  in 
temperature  of  normal  atmosphere  as  shown  in  the  normal- 
blast  period.  As  this  matter  appears  of  prime  importance,  I 
have  arranged  a  similar  statement  of  the  dry-blast  period  of 
Furnace  No,  3  in  Table  IV.,  in  which  the  results  appear  of 
importance  in  showing  that  iron-production  and  coke-consump- 
tion are  not  entirely  dependent  on  actual  moisture-variations 
from  month  to  month,  in  the  dry-blast,  or  on  even  wider  varia- 
tions in  the  natural  atmospheric  air.  They  indicate,  also,  that 
the  benefits  secured  are  derived  largely  from  the  general  uni- 
formity in  the  moisture-content  as  well  as  the  low  degree  of 
temperature  of  the  air  supplied  to  the  blowing  engines  ob- 
tained through  the  use  of  dry-blast. 

Table  IV. — Some  Remits  of  the  Dry-Blast  Period 
of  Furnace  No.  8. 

Coke-  Moisture  Moistuie         Temp.  Temp. 

Daily  Pig      CoxiBump*  In  in                  of              of 

Iron  Make.        tion.  Drv  Blast  Air.  Dry  Blast  Atmoa. 

1905.                            Tons.          Pounds.  Grains.  GtalDS.              <*F,             «P. 

February,  ....  418  1,860  0.60  1.18  15.0  23.8 

March, 407  1,837  0.96  2.26  14.0  43.8 

April, 398  2,096  1.04  2.67  16.0  49.2 

May, 436  2,024  1.60  4.08  23.0  62.2 

June, 415  1,966  1.70  5.76  24.0  71.1 

The  actual  lowering  of  both  moisture  and  temperature  is,  of 
course,  a  very  influential  factor ;  but  the  variation  of  moisture 
within  certain  limits  seems  to  be  less  important  than  the  ap- 
proximate uniformity  in  the  weight  of  air  going  into  the  fur- 
nace,— the  low  temperature  increasing  the  actual  weight  of  air 
per  revolution,  or  permitting  the  same  amount  of  colder  air  by 
weight  to  be  blown  in  by  fewer  revolutions. 

Mr.  R.  A.  Hadfield,  in  his  recent  Presidential  address,*  quot- 
ing an  opinion  that  the  economies  ascribed  to  dry-blast  '*  were 
conclusively  shown  to  be  due  to  increasing  the  burden  of  ore 
and  the  quantity  of  lime  in  the  cinder,  rather  than  to  the  use 
of  dry-air,"  says : 

^  Journal  of  the  Iran  and  SUel  InslituU,  Yol.  Ixvii.,  No.  1  (1906),  p.  68. 
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'^  It  b  well  known  that,  by  increasing  the  burden  of  ore  on  a  furnace,  the  tem- 
perature of  the  escaping  gases  is  lowered,  the  quantity  of  fuel  required  to  smelt 
a  ton  of  ore  is  reduced,  and  the  yield  of  the  furnace  is  increased." 

Since  all  well-managed  furnaces  using  natural  air  carry  al- 
ready as  much  burden  as  they  can,  a  further  economy  by 
means  of  a  simple  increase  of  burden  is  out  of  the  question, 
unless  it  be  made  practicable  by  the  use  of  the  dry-blast- 
Whether  the  direct  cause  of  such  further  economy  is  the  in- 
creased burden,  or  any  one  of  the  other  conditions  discussed 
above,  it  is  only  through  the  dry-blast  that  the  result  is  made 
possible.  Unless  it  can  be  shown  that  the  Isabella  furnaces, 
when  operated  with  natural  blast,  did  not  carry  as  heavy  a 
burden  or  as  much  lime  as  they  ought  to  have  carried  under 
the  circumstances,  this  criticism  falls  to  the  ground. 

If  any  one  effect  of  the  dry-blast  is  to  be  emphasized  as  the 
chief  cause  of  the  resultant  economy,  it  is,  as  already  remarked, 
the  uniformity  of  the  conditions  secured  combined  with  as  low 
degree  as  possible — ^however  they  may  be  characterized.  To 
secure  this  all-important  uniformity,  it  is  evident  that  care  must 
be  taken  to  preserve  unchanged  the  temperature  of  the  air  be- 
tween the  cold  air  chamber  and  the  engine  cylinder.  This 
should  be  secured  by  properly  covering  the  pipes. 

The  following  comparative  statements  and  tables  are  offered  in 
additional  support  and  explanation  of  the  views  above  set  forth  : 
In  order  to  emphasize  further  the  effect  of  uniform  and 
steady  dry-blast,  both  as  to  moisture  and  temperature,  refer- 
ence should  be  made  to  the  record  of  Furnace  No.  3  for  Janu- 
ary, February  and  March,  1905.  During  these  months  dry- 
blast  was  held  very  steady  in  moisture  and  in  temperature,  the 
former  being  between  0.5  grain  and  1  grain,  with  an  extreme 
variation  of  0.5  grain,  and  the  latter  between  5°  and  15^  F. 
(average,  10°  F.),  with  an  extreme  viiriation  of  10°  F. 

The  coke-consumption  of  Furnace  No.  3  for  these  three 
months  with  50  per  cent.  Mesabi  ore,  producing  basic  low-sili- 
con iron,  was  :--January  (1905),  1,824;  February,  1,815;  and 
March,  1,787  pounds. 

After  this  period,  the  dry-air  plant  was  not  able  to  hold  its 
moisture  as  low,  or  its  temperature  as  steady,  for  the  balance 
of  dry-blast  run  on  Furnace  No.  3,  the  effect  being  shown  in 
Tables  V.  and  VI. 
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Table  V. — Moisture  Variation  of  Dry-Blast^  Furnace  No.  3. 

April,  1905,  0.5    grain  to  1.75  grains — Extreme  variation  :  1.25  grain. 

May,    1905,  0.75  grain  to  2.25  grains — ^Extreme  vmation  :  1.5    grain. 

June,  1905,  1.25  grain  to  2.50  grains — Extreme  variation :  1.25  grain. 

July,    1905,  1.00  grain  to  2.25  grains — Extreme  variation  :  1.25  grain. 

Table  VI. — Temperature  Variation  of  Dry-JBlastj  Furnace 

No.  3. 

*Apri],  1905,  10^  to  25^-— Actual  average  17^— Extreme  variation :  15^ 
May,  1905,  15*'  to  30^-— Actual  average  25<^— Extreme  variation :  15<^ 
June,  1905,  20°  to  30''— Actual  average  30''— Extreme  variation  :  10° 
July,    1905,  15*»  to  80**— Actual  average  23<»— Extreme  variation  :  15® 

*  Dry-blast  conditions  were  better  in  April  on  account  of  the  lower  moisture 
of  the  outside  atmosphere  than  in  the  following  months. 

The  coke-conBamf)tion  of  Furnace  No.  3  during  these 
months  with  50  per  cent.  Mesabi  ore  producing  Bessemer 
high-silicon  iron,  was :— April  (1905),  2,083;  May,  2,032; 
June,  1,973 ;  and  July,  2,081  pounds. 

It  will  be  noted  that  June,  showing  the  lowest  coke-consump- 
tion, has  the  least  variation  in  the  temperature  of  the  dry-blast 
The  difference  in  fuel-consumption  for  these  months  between 
natural-  and  dry-air  blast  was  less  than  the  average  practice,  for 
the  reasons  given  below. 

The  disturbing  factors  during  these  four  months  of  1905 
were  troubles  at  the  furnace  due  to  accidents  and  repairs,  and 
to  the  leakage  of  bosh-plates.  Moreover,  the  furnace  used, 
during  that  time,  a  large  proportion  of  very  fine  ore  and  made 
a  higher  silicon  iron.  During  this  period,  the  refrigerating 
apparatus  was  less  effective,  owing  to  the  leaking  of  ammonia 
through  the  stuffing  glands.  This  was  unsuspected  for  a  long 
time,  as  the  apparatus  had  worked  perfectly  for  the  seven  pre- 
ceding months,  and  many  other  supposed  causes  were  first  in- 
vestigated. When  the  true  cause  was  finally  discovered,  it  was 
very  quickly  remedied,  as  is  shown  by  the  results  in  the  suc- 
ceeding months  of  Furnace  No.  1  (the  dry-blast  being  changed 
from  Furnace  No.  3  to  No.  1  in  August). 

In  practice,  a  variation  of  0.12  per  cent,  in  the  silicon  has 
been  found  to  be  brought  about  by  a  change  of  1  per  .cent,  of 
the  burden.  Producing  basic  iron  with  1  per  cent,  and  Besse- 
mer iron  with  1.6  per  cent,  of  silicon,  gives  0.50  ~  0.12  =  4.17 
per  cent,  decrease  in  the  burden ;  or  2.08  per  cent  increase  in 
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coke,  since  ore-burden  to  coke-consumption  is  approximately 
as  2  to  1.     The  average  coke-consumption  during  the  first 
three  months  of  1906  for  Furnace  No.  3  was  about  1,800  lb. 
per  ton  of  pig-iron  produced ;  2.08  per  cent,  of  this  is  an  in- 
crease of  87  pounds.    In  Furnace  No.  8,  the  coke-consumption 
on  Bessemer  iron  during  April  to  June,  1905,  was  2,080,  ar 
280  lb.  higher  than  in  the  first  three  months.    Deducting  from 
this  87  lb.,  due  to  the  higher  silicon,  leaves  248  lb.  more  coke 
consumed,  due  to  furnace  irregularities  and  poor  dry-blast  con- 
ditions.    As  neither  of  the  two  factors  of  fine  ore  and  hig-h 
silicon  changed  the  results  materially  when  they  occurred  dur- 
ing natural-air  periods,  I  do  not  consider  them  as  very  serious 
factors  in  raising  the  coke-consumption  in  this  case ;  but  the 
furnace  conditions  would  affect  the  results  seriously,  as  would 
also  the  poorer  dry-blast  conditions. 

Comparing  the  foregoing  with  Furnace  No.  1  while  on  dry- 
blast,  we  find  the  following : — 

Table  VII. — MoiMure  Variation  of  Dry-Blast,  Fuimace  No.  1. 

Angust,  1904,  1.50  grains  to  2.00  grains — Extreme  variation :  0.5  grains. 
Sept,  1904,  1.00  grains  to  2.00  grains — Extreme  variation :  1.5  grains. 
Oct,  1904,  1.00  grains  to  1.5  grains — Extreme  variation :  0.5  grains. 
Nov.,  1904,  0.75  grains  to  1.25  grains — Extreme  variation  :  0.5  grains. 
Dec.,  1904,  0.75  grains  to  1.00  grains^Extreme  variation :  0.25  grains. 
Very  few  variations  above  or  below  these  figures. 

Table  VIII. —  Temperature  Variation  of  Dry-Blast,  Furnace 

No.  1. 

Aug.,  1904  (20  days),  16®  to  30®— Actual  average  22®— Extreme  variation  :  15® 
Sept.,  1904,  5®  to  25®— Actual  average  Id®— Extreme  variation  :  20® 

Oct,    1904,  10®  to  20®— Actual  average  18®— Extreme  variation:  10® 

Nov.,  1904,  15®  to  20®— Actual  average  18®— Extreme  variation  :    5® 

Dec,  1904,  10®  to  20®— Actual  average  18®— Extreme  variation :  10® 

Veiy  few  variations  above  or  below  these  figures.  In  September,  temperature 
and  moisture  variations  were  greatest,  but  temperature  was  very  low  and  coke- 
consumption  was  1,754  lb.  for  that  month. 

The  eoke-coneumption  on  Furnace  No.  1  with  dry-blast  on 
basic  low-silicon  iron,  50  per  cent.  Mesabi  ore,  during  these 

months  was : — 

In  August,  1904  (20  days),  1,753  lb. 

In  Sept,      1904,  1,754  1b. 

In  Oct,       1904,  1,8621b. 

In  Nov.,      1904,  1,816  lb. 

In  Dec.,      1904,  1,828  lb. 
[12] 


NOTBS   ON   THB   GAYLBY   DRY-AIR   BLA6T-PR0CBSS.  897 

Comparing  this  with  the  higher  coke-consamption  on  Fur- 
nace No.  3  from  April  to  July,  1905,  and  the  dry-air  condi- 
tions prevailing  during  those  periods,  it  would  indicate  that 
more  uniformity  and  steadiness  of  dry-blast  conditions  existed 
during  periods  of  lower  coke-consumption,  and  that  the  low 
temperature  and  the  low  moisture-content  of  the  dry-blast, 
combined  with  the  least  possible  variation,  appear  to  give  the 
best  results  for  low  coke-consumption. 

The  difference  due  to  temperature  variations  under  dry-blast 
conditions,  as  shown  above,  can  be  also  shown  as  follows : — 

At  IS''  F.,  40,000  cu.  ft  is  3,320  lb.  of  air  per  minute. 
At  24*>  F.,  40,000  cu.  ft  is  3,276  lb.  of  air  per  minute. 

That  is  to  say,  44  lb.  less  air  per  minute  (equivalent  to  63,360  lb.  per  24  hr.)  are 
blown  into  the  furnace  bj  the  same  number  of  revolutions,  under  an  increase  of 
60^  F.  in  temperature.  This  represents  about  the  di£Ference  between  Furnaces 
No.  1  and  No.  3  during  the  dry-blast  periods. 

This  difference  in  the  amount  of  air  blown-in  would  affect 
the  running  of  the  furnace  as  follows : — under  given  pressure 
and  temperature  of  blast,  the  more  air  blown-in  per  minute, 
the  more  rapid  the  combustion,  and,  consequently,  the  greater 
the  heat  of  combustion,  per  unit  of  time.  This  rapidly  in- 
creases the  heat  available  for  melting  the  material,  and  conse- 
quently diminishes  the  amount  of  actual  fuel  required  to  melt 
the  same  amount  of  material,  through  greater  intensity  of  heat 
for  more  rapid  and  complete  combustion,  and  through  a  greater 
concentration  of  heat  in  the  fusion-zone,  bringing  the  latter 
closer  to  the  tuyeres,  where  its  best  effect  can  be  obtained. 
This  is  true,  of  course,  always  within  certain  limits,  dependent 
upon  the  capacity  and  condition  of  each  separate  furnace. 


The  general  conclusions  reached  through  a  study  of  all  avQJil- 
able  trustworthy  data  may  be  summarized  as  follows : 

1.  Increased  blast-temperature  alone  cannot  account  for  a 
decrease  of  20  per  cent,  in  the  coke-consumption,  and  an  in- 
crease of  20  per  cent,  in  the  product  of  pig-iron.  There  was 
no  significant  increase  in  blast-temperature  at  the  Isabella  fur- 
naces while  they  used  dry-blast ;  and  the  records  of  those  blast- 
furnaces which  show  a  low  fuel-consumption  are  not,  in  gen- 
eral, characterized  by  a  blast-temperature  sufficiently  higher 
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than  that  of  the  Isabella  furnaces  to  account  for  their  economy 
in  fuel.     This  economy  is  doubtless  due  to  innumerable  local 
conditions, — such  as  character,  richness  and  uniformity  of  ore, 
nature  of  fuel  and  flux,  dimensions,  shape  and  condition  of 
furnace,  perfection  of  machinery,  intelligence  and  vigilance  of 
management  and  working-force,  etc.,  which   every  scientific 
furnace-manager  takes  into  account  in  estimating  the  signifi- 
cance of  his  own  experience,  or  comparing  it  with  the  experi- 
ence of  others.     If  all  these  elements  of  the  problem  could  be 
made  alike  at  all  blast-furnaces,  normal  results  of  a  given  pro- 
cedure could  be  at  once  determined,  and  any  proposed  change 
could  be  instantly  weighed  and  judged.     Such  complete  uni- 
formity is  obviously  impracticable ;  but  a  device  which  operates 
in  that  direction,  by  removing  all  irregularity  in  a  fundamental 
and  most  troublesome  (though,  hitherto,  little  regarded)  factor, 
must  recommend  itself  as  an  aid  to  those  managers  who  have 
to  deal  with  special  local  disadvantages  in  other  respects,  as 
well  as  to  those  who,  by  reason  of  fortunate  conditions,  are  al- 
ready making  the  best  technical  records. 

2.  The  theoretically  calculated  eftect  of  higher  blast-tempera- 
ture upon  fuel  economy,  etc.,  though  possibly  realized  in  isolated 
cases,  is  not  confirmed  in  general  practice,  which  indicates  a 
considerably  lower  net  result  Our  modern  blast-fiirnaces,  equip- 
ped with  stoves  for  producing  high  temperatures  of  blast,  have 
undoubtedly  achieved  much  gain  in  product  and  fuel-economy, 
but  not  enough  to  equal  the  gains  secured  in  those  respects  by 
drying  the  blast— gains,  in  fact,  which  can  be  added  to  those  of 
such  previous  progress. 

Thus,  the  proposition  that  an  increase  of  800°  F.  in  blast- 
temperature  would  effect  a  decrease  of  400  lb.  in  coke-consump- 
tion per  ton  of  pig-iron  produced  is  not  confirmed  by  available 
records  of  practice,  which  indicate  as  the  attainable  saving  from 
this  source  about  50  lb.  of  coke  for  each  100°  F.  of  increase 
in  temperature. 

3.  Of  the  furnaces  using  natural-air  blast,  it  is  usually  the 
new  ones  that  show  high  production  with  low  coke-consump- 
tion. As  the  period  of  operation  increases,  the  tendency  to  a 
reversal  of  these  results  becomes  more  and  more  evident.  To 
this  general  rule,  I  have  found  few  exceptions ;  and  these  were 
largely  due  to  local  conditions,  not  to  be  duplicated  at  other 
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plants.  This  point  seems  worthy  of  consideration,  because  the 
results  thus  far  reported  as  to  Mr.  Qayley's  invention  were  ob- 
tained from  furnaces  already  a  long  time  in  operation,  and  far 
from  perfect  in  general  condition. 

4.  The  advantageous  results  obtained  from  the  dry-blast  are 
not  sensibly  affected  by  changes  of  season.  This  method  is 
equally  efficacious  at  all  seasons  of  the  year. 

6.  With  due  allowance  for  local  conditions,  it  may  be  safely 
inferred  that,  at  furnaces  averaging  more  than  2,100  lb.  of 
coke  per  ton  of  product,  from  10  to  20  per  cent,  of  gain  in  pro- 
duct and  of  saving  in  fuel  can  be  effected  by  the  use  of  dry- 
blast.  At  furnaces  already  using  less  than  this  proportion  of 
coke,  the  gain  may  be  somewhat  smaller.  To  what  extent,  for 
instance,  the  fuel-consumption  of  a  furnace  already  making,  on 
natural-air  blast,  a  ton  of  pig-iron  with,  say,  1,850  lb.  of  coke, 
could  be  further  reduced  by  artificially  drying  the  blast,  is  a 
question  to  be  settled  by  actual  experiment. 

6.  Apart  from  all  other  theoretical  gains  realized  by  the  desic- 
cation of  the  blast,  my  study  of  the  records  of  practice  im- 
presses upon  me  the  predominant  importance  of  the  uniform 
and  regular  running  of  the  furnace  thereby  secured.  This  may 
be  said  to  have  been  ignored  in  scientific  discussions  of  blast- 
furnace practice  before  Mr.  Gayley's  paper  appeared.  The  de- 
sirability of  removing  moisture  from  the  blast  had  been  fre- 
quently suggested  by  technical  authors,  but  the  theoretical  ad- 
vantages to  be  thus  realized  did  not  seem  to  be  commensurate 
with  the  expenditure  involved.  As  Mr.  Cochrane  tersely  put 
it,  "  the  game  was  not  worth  the  candle."  It  remained  for  Mr. 
Gayley  to  demonstrate  a  gain,  not  included  in  theoretical  argu- 
ments, yet  perhaps  greater  than  any  other  therein  considered : 
namely,  that  of  uniform  and  perfectly  controllable  furnace- 
operation,  and  the  consequent  diminution  of  the  amount  of 
superfluous  fuel  hitherto  carried  as  a  "  margin  of  safety,"  to 
meet  the  unforeseen  contingencies  of  the  "  behavior  "  of  the 
blast  furnace.  This  element  has  never  been  definitely  meas- 
ured in  estimates  of  cost ;  but  it  is  probable  that  every  furnace 
manager  would  rate  it  above  most  others,  as  a  factor  of  actual 
business  cost. 
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Discussion. 

H.  M.  Howe,  LL.D.,  New  York,  N.  Y.  :• — The  greater  regu- 
larity of  furnace-working,  emphasized  as  the  most  important 
cause  of  the  economies  attending  the  Q^yley  dry-blast  process, 
furnishes,  in  my  opinion,  an  explanation  which  does  not  ex- 
plain, since  it  leaves  the  question  still  to  be  answered,  how  and 
why  the  fuel-economy  ascribed  to  this  regularity  can  be  so 
astonishingly  great. 

In  the  decades  during  which  I  have  had  to  do  with  actual 
metallurgical  manufacture  as  learner,  then  superintendent,  then 
manager,  then  and  still  active  director,  the  importance  of  regu- 
larity has  indeed  been  impressed  on  me.  It  was  long  my 
habit  to  wake  and  time  the  revolutions  of  the  engines  against 
my  pulse-beats,  so  as  to  assure  myself  of  the  needed  regularity. 
But  regularity,  in  and  by  itself,  does  not  in  the  least  explain 
why  the  fuel-economy  which  it  gives  is  so  astonishingly  great 
It  simply  pushes  the  difficulty  one  step  farther  back,  leaving  it 
really  wholly  unexplained.  But  the  explanation  is  readily 
found  it  we  take  up  the  line  of  reasoning  indicated  by  Mr.  J. 
E.  Johnson,  Jr.,^  and  push  it  beyond  the  point  at  which  he 
left  it. 

In  brief,  the  economy  of  the  dry-blast  process,  like  that  of 
the  hot-blast  process,  is  due  essentially  to  its  widening  the  mar- 
gin between  the  temperature  developed  by  combustion  and 
what  Mr.  Johnson  calls  the  "critical"  temperature,  Cc,  the 
temperature  at  and  above  which  certain  essential  work  of  the 
blast-furnace  process  must  be  done.  To  the  term  "  critical  tem- 
perature "  it  may  be  objected  that  this  term  has  already  been 
appropriated  by  physicists  for  another  meaning.  The  objec- 
tion has  some  force,  and  a  term  without  a  dual  meaning  would 
be  better.  But  after  all  "  critical  '*  is  a  broad,  generic  adjec- 
tive, too  valuable  to  be  restricted  to  any  narrow  specific  sense. 

Adopting  this  term  for  lack  of  a  better,  it  is  true,  as  Mr.  John- 
son points  out,  that,  for  the  work  which  has  to  be  done  above 
this  critical  temperature,  the  only  heat  available  is  that  which 
the  gases  can  give  out  in  cooling  to  this  temperature  from  their 

•  Professor  of  Metallurgy,  Colombia  University  in  the  City  of  New  York. 

^  Notes  on  the  Physical  Action  of  the  Blast-Furnai-ey  Trane,,  zxxvi.,  p.  454. 
Mr.  Johnson  called  my  attention  to  the  importance  of  this  line  of  thought  several 
years  before  the  disclosure,  bat  not  before  the  invention,  of  the  Qayley  process. 
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combustion-temperature,  i.  e.,  the  temperature  to  which  the 
combustion  in  the  hearth  of  the  furnace  raises  them ;  because, 
once  they  have  cooled  to  the  critical  temperature,  their  remain- 
ing heat  is  no  longer  available  for  work  above  that  tempera- 
ture. The  economy  of  the  dry-blast  process,  like  that  of  the 
hot-blast  process,  is  essentially  due  to  the  fact  that  each  of  these 
processes  raises  the  temperature  which  the  combustion  in  the 
hearth  gives  to  the  gaseous  products  of  that  combustion,  and 
thus  widens  the  margin  between  the  combustion-temperature 
and  the  critical  temperature ;  and  it  is  the  width  of  this  mar- 
gin that,  in  a  rough  way,  measures  the  degree  to  which  the 
heat  generated  can  be  utilized.  If  the  critical  temperature  is 
1,200®  C.  and  the  combustion-temperature  1,800°,  there  is  a 
margin  of  only  100°;  raise  the  combustion-temperature  by 
100°,  or  by  only  8.5  per  cent,  and  you  double  the  margin,  and 
increase  in  a  corresponding  proportion  the  utilization  of  the 
heat. 

It  is  like  the  case  of  water  running  over  a  waste-weir  in  the 
side  of  a  canal.  If  the  depth  of  the  stream  of  water  is  origi- 
nally 50  in.,  and  the  level  of  its  upper  surface  1  in.  above  the 
bottom  of  the  waste-weir,  and  if  the  depth  of  the  water  is 
then  increased  so  as  to  raise  the  level  of  its  upper  surface  by 
1  in.,  then,  although  the  volume  and  depth  of  the  stream  as  a 
whole  are  increased  only  2  per  cent,  yet  the  water  available 
for  flowing  through  the  waste-weir  is  increased  100  per  cent 
The  level  of  the  waste-weir  is  a  "  critical "  one ;  and  the  depth 
of  water  available  for  the  waste-weir  is  the  depth  above  that 
critical  level. 

Or  it  is  like  utilizing  the  heat  in  a  stream  of  hot  gases  to 
heat  and  boil  water  in  a  system  of  boilers  and  feed- water  heat- 
ers, assumed  for  simplicity  to  offer  such  extended  surface  to  the 
passing  gases  as  to  give  ample  opportunity  for  extracting  from 
those  gases  all  the  heat  which  they  are  theoretically  capable  of 
giving  up.  If  the  water  enters  the  heaters  at  0°  C.  and  is  boiled 
at  atmospheric  pressure  at  100°,  then  100  calories  are  needed 
to  heat  each  kilogram  of  water  up  to  the  boiling-point,  and  586 
calories  to  boil  it  If  now  the  hot  gases  enter  the  system  at  a 
temperature  of  101°,  they  can  give  up  to  the  work  of  boiling 
the  water  only  1°,  or  about  1  per  cent  of  their  heat,  because 
when  they  have  cooled  from  101°  to  100°  they  have  ceased 
to  be  able  to  transfer  any  more  heat  to  water  itself  at  the  boil- 

[17] 


402  NOTES   ON   THE   GAYLET   DRY-AIR   BLAST-PROCESS. 

ing-point,  100°.  They  then  pass  on  to  the  feed-water  heaters, 
still  containing  about  99  per  cent,  of  their  initial  heat.  But  all 
the  useful  work  that  they  can  do  in  these  heaters  is  to  preheat 
just  enough  water  to  t^ke  the  place  of  that  which  they  have 
just  boiled  away  in  the  boiler.  And  as  the  heat  needed  in  rais- 
ing the  water  to  its  boiling-point  is  only  100-686ths,  or  about 
one-fifth,  of  that  needed  for  boiling  that  same  water,  and  hence 
as  the  work  of  preheating  in  the  feed-water  heaters  is  only  about 
one-fifth  that  of  boiling  in  the  boilers,  the  heaters  can  use  only 
about  one-fifth  as  much  of  the  heat  of  the  gases  as  the  boilers 
do,  or  only  about  one-fifth  of  1  per  cent,  of  the  initial  heat  of  the 
gases.  So  that  the  total  percentage  of  the  heat  of  the  gases  which 
can  be  utilized  in  the  system  of  boilers  plus  heaters  is  only 
about  1.2  per  cent.  The  rest  of  their  heat  the  gases  must  carry 
away  out  of  the  system  ;  and  this  heat  must  therefore  be  wasted. 

If,  on  the  other  hand,  the  initial  temperature  of  the  gases 
is  636°  C,  then  in  passing  through  the  tubes  of  the  boilers  they 
are  capable  of  giving  up  to  the  work  of  boiling  586°  of  their 
heat,  and  of  thus  being  cooled  to  100° ;  passing  thence  to  the 
feed-water  heaters,  they  can  there  give  up  the  remaining  100° 
of  their  heat  to  the  work  of  preheating  the  water  which  is  to 
replace  that  which  they  have  just  boiled  away  in  the  boilers. 
And,  because  the  heat  needed  to  preheat  a  kilogram  of  water 
is  to  that  needed  for  boiling  it  as  100  is  to  586,  therefore  the  100° 
remaining  in  the  gases  as  they  enter  the  heaters  is  just  sufficient 
to  preheat  to  100°  the  quantity  of  water  which  will  exactly  re- 
place that  which  the  gases  boiled  away  in  the  boilers  in  their 
act  of  cooling  from  636°  to  100°. 

Yet  while  Mr.  Johnson's  general  explanation  is  correct,  his 
ideas  need  to  be  much  more  carefully  defined ;  and  it  is  the 
need  of  this  work  of  definition  which  leads  me  to  prepare  these 
remarks. 

In  order  that  the  width  of  the  margin  between  the  work- 
ing-temperature and  the  initial  temperature  of  the  gases  shall 
be  important,  it  is  essential  that  the  heat  needed  at  and  above 
that  working-temperature  shall  be  greater  than  at  the  average 
of  lower  temperatures.  To  make  this  clear,  let  us  take  the 
case  of  simply  heating  water  up  to  its  boiling-point,  but  with- 
out boiling  it.  Here,  assuming  that  the  specific  heat  of  the 
water  and  of  the  gases  respectively  is  constant  and  does  not 
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change  with  the  temperature,  then,  so  far  as  the  theoretical 
efficiency  of  the  heating-process  is  concerned,  the  heat  of  the 
gases  can  be  utilized  as  fiilly  if  their  initial  temperature  is 
101°  C.  as  if  it  is  1,001®.  All  that  is  necessary  is  that  there 
shall  be  some  margin  between  the  initial  heat  of  the  gases  and 
the  temperature  to  which  they  are  to  heat  the  water;  and  the 
width  of  that  margin  is  in  one  sense  absolutely  unimportant.® 
To  heat  1  kg.  of  water  from  1°  to  100°  takes  100  calories.  If 
we  take  the  specific  heat  of  the  gases  as  0.25,  their  initial  tem-v 
perature  as  101°,  and  their  final  temperature  as  they  pass  out 
of  the  heater  as  1°,  then  each  kilogram  of  gas,  in  cooling  from 
101°  to  1°,  gives  out  100  X  0.25  =  25  calories,  and  therefore 
100  :-  25  =4  kilograms  of  gas  are  needed  for  each  kilogram 
of  water.  If  the  gas  starts  in  at  1,001°  and  escapes  at  1°,  each 
kilogram  of  gas  in  cooling  gives  out  1,000  x  0-25  ="250  calor- 
ies, and  therefore  only  100  -^  250  =  0.4  kilograms  of  gas  are 
needed  for  each  kilogram  of  water ;  or  one-tenth  as  much  gas 
as  in  the  previous  case.  But  the  heat  in  1  kilogram  of  gas  at 
100°  is  the  same  as  that  in  0.1  kilogram  at  1,000°;  and,  so  far 
as  the  needs  of  the  operation  are  concerned,  a  given  calorie  can 
be  used  as  efficiently  in  one  case  as  in  the  other.  This  is  essen- 
tially because  the  water,  in  each  degree  of  its  rise  from  0°  to 
100°,  needs  the  same  quantity  of  heat;  and  the  gases  in  cool- 
ing through  each  degree  from  100°  to  1°  give  out  the  same 
quantity  of  heat ;  so  that,  assuming  that  our  walls  are  perfect 
conductors  of  heat,  it  is  only  a  question  of  proper  mechanical 
arrangements  to  transfer  the  heat  given  out  by  the  gas  in  cool- 
ing from  101°  to  100°  to  water  which  is  simultaneously  rising 
from  99°  to  100°;  and  the  heat  which  the  gas  gives  out  in 
cooling  from  100°  to  99°  to  water  which  is  simultaneously 
rising  from  98  to  99°,  and  so  on.  If  this  mechanical  arrange- 
ment is  perfected,  the  whole  of  the  heat  given  out  by  the  gases 
in  thus  cooling  from  101°  to  1°  can  be  utilized  and  absorbed 
in  heating  water  from  0°  to  100°. 

^  For  simplicity  of  presentation  I  have  purposely  ignored  some  very  evident 
and  important  practical  considerations,  such  as  that  the  wider  the  temperature- 
margin  between  the  gases  and  the  body  which  they  are  heating,  the  more  rap- 
idly and  thoroughly  will  the  transfer  of  heat  take  place.  The  assumption  that 
the  walls  of  the  boiler  and  of  the  feed-water  heater  conduct  heat  perfectly,  and 
the  tacit  assumption  that  ihe  outer  walls  of  the  furnace  are  adiabatic,  of  course, 
are  made  only  to  simplify  the  discussion. 
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But,  if  the  water  has  not  only  to  be  heated  to  100°,  but  also 
boiled  at  100°,  then  only  the  heat  in  the  gases  above  100*^  is 
available  for  that  boiling;  and,  in  order  that  the  heat  which 
those  gases  contain  after  cooling  to  100°  shall  be  utilizable  in 
the  work  of  heating  the  water  up  to  100°,  the  quantity  of  gas 
must  be  so  small  that  the  water  in  rising  from  0°  to  100°  shall 
be  capable  of  absorbing  all  that  heat ;  and  in  order  that  the 
quantity'  of  this  gas  which  shall  have  boiled  a  given  quantity 
of  water  shall  be  small,  its  initial  temperature  before  it  began 
transferring  its  heat  to  the  work  of  boiling  must  be  high. 

Hence  the  need  of  a  wide  margin  of  temperature  between 
the  initial  and  the  working-temperature  in  processes  which, 
like  the  boiling  of  water,  have  a  critical  temperature ;  and  the 
relative  unimportance  of  the  width  of  that  margin  in  processes 
which,  like  the  simple  heating  of  water,  have  no  critical  tem- 
perature. 

The  reason  why  the  importance  of  the  margin  between  the 
initial  gas  temperature  and  critical  temperature  has  generally 
been  overlooked  is  that,  in  most  of  our  heating  processes,  the 
margin  is  naturally  so  very  wide  that  slight  current  variations 
in  its  width  are  unimportant.  It  is  the  natural  narrowness  of 
this  margin  in  the  blast-furnace  process  that  gives  to  the  hot- 
blast  and  the  dried  blast  their  very  great  value,  and  will  some 
day  give  a  still  greater  value  to  processes  for  lessening  the 
nitrogen  in  the  blast. 

From  these  considerations  I  deduce  the  formula  given  below. 

If  we  let  %  =  the  critical  temperature ;  tj  =  the  initial  tem- 
perature of  the  gas  (which  is  usually  its  combustion-tempera- 
ture) ;  he  =  the  heat  needed  at  and  above  the  critical  tem- 
perature, and  \  =  the  heat  needed  for  raising  the  materials  to 
be  heated  to  the  critical  temperature ;  then  in  order  that  the 
heat  shall  be  thoroughly  utilized,  and  may  be  thoroughly  re- 
covered from  the  escaping  products  of  combustion,  it  is  neces- 
sary that  the  initial  gas-temperature  should  be  at  least  as  high 
as  is  called  for  by  the  formula 

(1)  (ti  —  te) :  tc  =  he :  h^,  whence 

(2)  t,=  t,(l+J-e). 

Or,  if  we  take  into  account  the  variations  in  specific  heat, 
and  let  S^  =  the  mean  specific  heat  of  the  gases  between  the 
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critical  temperature  and  their  initial  temperature,  and  8^  = 
their  mean  specific  heat  between  the  critical  temperature  and 
that  of  the  atmosphere,  then  for  formula  (1)  we  should  sub- 
stitute : 

(3)  (ti  X  Be— tb  X  Sb);  tb  X  Sb=  h^ :  hb,  and  for  equation  (2), 

<■"••= I  (i+fe> 

The  matter  may  be  made  clearer  to  some  by  looking  at  it  in 
another  way.  Let  us  put  out  ourselves  in  the  position  of  one 
using  the  dry-blast  process,  and  then  see  what  eftect  on  the  fuel- 
consumption  ought  to  be  expected  as  the  result  of  adding 
moisture  to  the  blast.  This  not  only  calls  for  extra  fuel  to  sup- 
ply the  extra  heat  needed  for  heating  and  dissociating  this  mois- 
ture, but  (like  cooling  the  blast  or  diluting  it  with  additional 
nitrogen)  by  lowering  the  temperature  which  combustion  de- 
velops, it  narrows  the  already  narrow  margin  between  that  tem- 
perature and  the  critical  temperature,  above  which  a  very  much 
larger  quantity  of  heat  is  needed  to  make  good  the  absorption 
due  to  the  latent  heat  of  fusion  of  iron  and  slag,  and  probably 
of  deoxidizing  silica  and  lime,  than  is  needed  at  the  average 
of  lower  temperatures.  The  combustion-temperature  with 
moist-blast  in  Mr.  Gayley's  practice  seems  to  be  further  low- 
ered, and  this  margin  thereby  further  narrowed,  by  a  decided 
lowering  of  the  blast-temperature  due  to  the  fact  that,  with 
the  hot-blast  stoves  used,  the  larger  quantity  of  blast  needed 
could  not  be  heated  so  hot,  although  the  gas  used  for  heating 
it  seems  to  have  increased  in  quantity  proportionally,  and  to 
have  improved  in  quality.  This  part  of  the  narrowing  of  the 
temperature-margin  might  perhaps  be  made  good  by  enlarging 
the  hot-blast  stoves. 

If  the  narrowing  of  this  margin  is  to  be  atoned  for  by  burn- 
ing more  fuel,  then  of  the  heat  generated  by  that  fuel  only  that 
corresponding  to  the  narrowed  margin  between  the  combustion 
and  the  critical  temperatures  can  be  utilized.  Of  that  repre- 
sented by  the  range  of  temperature  below  this,  we  see  no  strong 
reason  to  expect  that  any  important  part  can  be  recovered  from 
the  products  of  the  combustion  of  this  extra  fuel  by  the  de- 
scending solids,  nor  can  the  carbon  monoxide  generated  by  this 
extra  fuel  be  converted  into  carbon  dioxide  by  those  solids,  be- 
cause, even  with  hot  and  dried  blast,  the  power  of  those  solids 
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to  absorb  heat  and  to  oxidize  carbon  monoxide  appears  to  be 
already  fully  utilized,  so  that  we  have  no  strong  reason  to  think 
that  they  can  do  more  in  either  respect.  This  extra  quantity 
of  carbon  monoxide  and  this  extra  heat  may  therefore  be  ex- 
pected to  be  present  in  the  gases  when  they  escape  from  the 
top  of  the  furnace ;  and  these  gases  should  therefore  both  be 
hotter  and  have  a  lower  ratio  of  CO, :  CO  with  moist  than  with 
dried  blast.  Indeed,  the  quantity  of  carbon  monoxide  in  the 
escaping  gases  should  be  even  greater  than  this  would  imply, 
because,  being  hotter,  their  carbon  dioxide  should  react  the 
more  energetically  upon  the  entering  coke,  and  thereby  be  re- 
duced to  carbon  monoxide,  and  further  increase  the  fuel  con- 
sumption by  thus  dissolving  away  part  of  the  entering  coke, 
which  must  be  replaced  by  more  extra  fuel. 

Indeed,  the  matter  is  still  worse.  Narrowing  the  margin 
between  the  combustion  and  the  critical  temperatures  lessens 
the  thoroughness  with  which  even  the  heat  represented  by  the 
narrowed  margin  can  be  utilized  even  for  the  critical  work, 
first  because  the  cooler  gases  transfer  their  heat  to  the  solid 
and  molten  matter  less  rapidly  because  of  the  narrowed  tem- 
perature-margin between  them,  and  next  because,  thanks  to 
their  greater  weight  and  hence  volume,  they  pass  more  rapidly 
by  that  matter.  The  heat  transfer  is  slower,  and  the  time  al- 
lowed for  the  transfer  is  shorter. 

This  statement  in  reverse,  so  to  speak,  is  taken  with  some 
modification  from  a  more  extended  discussion  of  the  whole 
subject,'  and  to  which  1  refer  those  who  may  care  for  my  views 
on  this  interesting  question. 

Joseph  W.  Richards,  Bethlehem,  Pa.  :*° — Mr.  Meissner's  in- 
teresting communication  confirms  the  statements  of  the  former 
papers  presented  to  the  Institute  by  Mr.  Gayley,  and  while 
practically  proving  the  facts  beyond  peradventure,  challenges 
the  scientific  world  for  a  satisfactory  explanation.  The  weight 
of  opinion,  as  expressed  by  Mr.  Gayley  and  others  who  have 
discussed  the  subject,  is  that  the  increased  regularity  of  work- 


*  Irouy  Steel  and  Other  Alloys ^  2d  edition ,  1906,  Albert  Sauveur,  Cambridge, 
Mai^s.,  pp.  457  to  475. 
*°  Professor  of  MetaUurgy,  Lehigh  University,  South  Bethlehem,  Pa. 
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ing  of  the  furnace  blown  by  dried  air  is  the  all-important  cause 
of  the  economy  obtained.  This  statement,  however,  is  no  expla- 
nation of  the  matter;  and  the  question  at  once  arises  as  to 
why  increased  regularity  is  obtained,  and  why  irregularities 
occur  if  the  blast  be  not  dried.  If  a  new  administration  of  a 
railroad  obtains  better  results  by  increasing  the  regularity  of 
running  of  its  trains,  it  is  a  true  statement  to  say  that  the 
greater  capacity  of  the  railroad  is  due  to  increased  regularity 
of  operation ;  but  the  real  question  is,  "  How  has  the  increased 
regularity  been  obtained  ?  " 

By  regularity  of  operation  is  meant  uniformity  of  tempera- 
ture before  the  tuyeres,  uniformity  of  grade  of  iron  made,  and 
uniformity  of  amount  of  output.  It  is  admitted  that  the  ordi- 
nary furnace  is  subject  to  irregularities  in  these  respects ;  in 
fact,  to  such  suddenly  occurring  irregularities  that  it  is  neces- 
sary to  forestall  them  by  providing  always  enough  fuel  in  the 
charge  to  meet  the  worst  irregularities  which  may  occur.  It 
takes  about  24  hours  for  a  change  in  the  burden  charged  to 
have  an  effect  at  the  region  of  the  tuyeres,  while  serious  irregu- 
larities may  occur  within  6  or  even  3  hours,  which  it  is  there- 
fore impossible  to  meet  promptly  by  changing  the  burden. 
Under  these  conditions,  it  being  necessary  to  be  always  "  pre- 
pared for  the  worst,"  the  blast-furnace  manager  is  not  foot-free 
to  take  full  advantage  of  the  most  favorable  conditions.  If  he 
can,  therefore,  be  assured  of  uniformly  favorable  conditions, 
such  as  drying  the  blast  provides,  he  can  dispense  with  the  or- 
dinary margin  of  insurance  against  unfavorable  conditions,  and 
run  uniformly  with  the  lowest  possible  fuel-charge.  It  is,  there- 
fore, absolutely  true  that  the  uniform  conditions  obtained  by 
drying  the  blast  do  enable  the  blast-furnace  manager  to  econo- 
mise :  the  real  solution  or  explanation  of  the  ultimate  "why?  " 
has,  however,  still  to  be  given. 

The  true  logic  of  the  situation  is  this :  the  uniform  conditions 
obtained  by  drying  the  blast  would  produce  no  economies  if  they 
were  not  uniformly  favorable  conditions.  If  the  conditions  were 
such  as  to  be  uniformly  the  worst  which  could  occur,  the  blast- 
furnace manager  would  have  uniformity,  but  no  one  will  main- 
tain that  he  could  economize  thereby.  Drying  the  blast  produces 
uniformity  of  the  favorable  type ;  and  this  is  the  only  kind  of 
uniformity  which  will  assist  the  manager.  With  blast  not  dried, 
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the  non-uniform  conditions  which  cause  unfavorable  irregular- 
ities are  the  varying  temperature  and  moisture-content  of  the 
outside  air.  With  cold,  dry  air  the  furnace  does  its  best ;  with 
warm,  moist  air  it  does  its  worst;  sudden  changes  cannot  be 
altogether  foreseen ;  and,  therefore,  the  manager  must  always 
be  prepared  for  them  by  using  a  large  fuel-ratio  in  the  charge. 
The  dry-blast  provides  the  uniformly  favorable  condition,  and 
therefore  gives  the  basis  for  the  economies  realized.  The  whole 
question  thus  resolves  itself  into  the  query,  "  Why  is  the  use  of 
dried  blast,  of  uniform  composition  and  low  temperature,  bet- 
ter than  the  use  of  moist  blast  of  non-uniform  composition  and 
varying  temperature  ?  " 

The  real  explanation  is  two-fold.  One  reason  is,  that  with 
blast  of  uniformly  low  temperature  coming  to  the  blowing  cyl- 
inders, more  oxygen  is  pumped  into  the  furnace  per  day,  thus 
increasing  the  rate  of  driving,  other  conditions  remaining  fixed ; 
the  second  reason  is,  that  the  absence  of  moisture  in  the  dried 
blast  results  in  a  higher  temperature  in  the  region  of  the  tuyeres, 
thus  increasing  the  reducing-power  and  smelting-down  capacity, 
and  incidentally  inducing  several  other  favorable  conditions. 

It  needs  no  argument  to  show  that,  if  the  engines  are  run- 
ning uniformly,  the  amount  of  oxygen  drawn  into  the  cylinders 
(independent  of  the  amount  of  moisture  in  the  air)  is  a  function 
of  the  temperature,  varying  inversely  as  the  absolute  temper- 
ature (from  -273°  C.  or  -458°  F.)  Air  at  0°  C,  for  instance, 
contains  10  per  cent,  more  oxygen  than  air  at  30°  C,  and 
therefore,  with  engines  running  uniformly,  10  per  cent,  more 
carbon  would  be  burned  at  the  tuyeres,  per  day,  with  air  at  0°  C. 
than  with  air  at  80°  C. — altogether  aside  from  any  question  of 
moisture.  If  the  air  at  the  two  temperatures  named  did  contiiin 
identical  quantities  of  moisture,  the  temperature  at  the  tuyeres 
would  be  practically  the  same,  in  the  two  cases,  and  the  ore 
smelted  per  day  would  be  a  little  more  than  10  per  cent, 
greater  with  the  cold  air,  because  the  greater  speed  of  running 
would  reduce  radiation-losses  and  slightly  increase  the  smeltifig- 
power  of  the  furnace  per  unit  of  fuel  burnt  at  the  tuyeres. 

The  second  reason,  and  the  most  important  one,  has  been 
discussed  at  length  by  me  in  a  paper  already  published."  I  will 
here  re-capitulate  the  results  of  that  analysis,  referring  for  de- 

"  Bi-Monihly  Bulletin^  No.  4,  July,  1905,  page  703. 
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tails  to  the  original  paper.  Takiug  the  two  conditions,  ordi- 
nary blast  and  dried  •blast,  as  described  by  Mr.  Gayley,  the 
temperature  before  the  tuyeres  is  calculated  as  1,861®  C. 
with  ordinary  blast  and  1,965°  C.  with  the  dried  blasts  a  dif- 
ference of  104°  C.  or  187°  F.,  which  difference  results  in  an 
increased  smelting-power  and  reducing-power  in  the  region  of 
the  tuyeres.  The  absence  of  the  moisture  produces  the  higher 
temperature,  there  being  available  for  smelting-down  purposes 
11,287  calories  more,  an  amount  equal  to  23.4  per  cent,  of  all 
the  heat  needed  to  smelt-down  the  pig-iron  and  slag.  This  extra 
heat,  available  just  where  it  is  most  needed,  while  representing 
only  3  per  cent,  of  the  total  energy  of  the  coke  put  into  the  fur- 
nace, yet  represents  28.4  per  cent,  of  the  energy  of  the  coke 
which  is  generated  and  available  for  smelting-down  purposes  in 
the  region  of  the  tuyeres,  for  the  simple  reason  that  only  from 
20  to  30  per  cent,  of  the  power  of  the  fuel  is,  in  any  case, 
available  for  smelting-down  in  the  tuyere-region. 

Another  way  of  looking  at  the  matter  and  arriving  at  a  simi- 
lar conclusion,  is  to  itemize  the  saving  obtained  by  using  dried 
blast.  The  saving  of  fuel  per  100  of  pig-iron  produced  amounted 
to: 

Per  Cent. 

On  decomposition  of  moisture  of  heat, 2.95 

On  heat  in  waste  gases, 5.25 

On  lessened  radiation, 3.70 

On  better  combustion  of  carbon  to  CO,, 6.90 

On  smaller  heat  in  slag, 0. 10 

On  less  heat  in  blast, 0.40 

19.30 

This  tabulation  tells  us  just  how  and  where  the  dry  blast  ef- 
fects its  economies.  The  direct  saving,  by  removing  moisture, 
is  relatively  small,  but  this  heat  is  saved  at  such  a  vital  spot  in 
the  furnace,  that  the  remaining  15  to  20  per  cent,  of  economy 
follows  as  a  necessary  consequence.  The  Amount  of  carbon 
burnt  at  the  tuyeres,  per  ton  of  iron  produced,  being  reduced 
by  the  higher  temperature  available,  the  amount  of  gases  pass- 
ing upwards  per  ton  of  charge  is  relatively  decreased  ;  there- 
fore, their  temperature  on  escaping  is  lower,  and  this  lower 
temperature  accounts  for  a  saving  of  heat  to  the  furnace 
amounting  to  5.25  per  cent,  of  the  fuel  ordinarily  used.  The 
smaller  amount  of  carbon  monoxide  produced  at  the  tuyeres  per 
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ton  of  iron  reduced,  produces  better  combustion  above  to  CO, 
gas;  for,  since  the  ore  has  only  a  certain  amount  of  oxygen  to 
give  up  per  ton  of  iron  reduced,  this  oxygen  will  consume  CO 
to  COj,  and  the  proportion  of  CO,  to  CO  escaping  must  be 
larger,  the  smaller  the  amount  of  CO  which  there  is  in  the  fur- 
nace. This  fact  gives  us  the  greatest  single  item  of  economy : 
6.9  per  cent,  of  saving  in  fuel  being  represented  by  the  larger 
proportion  of  CO,  to  CO  in  the  gases,  because  of  the  smaller 
amount  of  CO  generated  at  the  tuyeres.  Radiation  from  a  fur- 
nace is  practically  so  much  per  day,  and  if  we  increase  the  out- 
put, the  radiation  for  unit  of  product  is  decreased.  This  de- 
creased radiation  amounts  to  a  relative  saving  of  3.71  per  cent, 
of  fuel. 

Taking  it  all  in  all,  therefore,  we  do  not  need  to  say  that  in- 
creased regularity  explains  the  gains  made  by  Mr.  Gayley. 
The  true  answer  is  deeper  seated:  the  dried  blast  produces 
regularity  of  the  uniformly  favorable  typ^,  as  distinguished  from 
an  unfavorable  uniformity.  The  reason  why  dried  blast  is  more 
favorable  than  moist  blast  resides  primarily  in  the  fact  of  the 
higher  temperature  produced  at  the  tuyeres.  This  smelts  down 
iron  and  slag  more  quickly  (increased  rate  of  running)  and  more 
economically  per  unit  of  iron  and  slag  produced.  This  economy 
of  carbon  burnt  at  the  tuyeres  causes  a  better  combustion  or 
utilization  of  CO  above  the  tuyeres,  decreases  the  tempera- 
ture of  the  issuing  gases,  and  relatively  decreases  radiation- 
losses.  These  uniformly  favorable  conditions  give  an  advantage 
over  uniformly  unfavorable  conditions,  and  practically  an  equal 
advantage  over  irregular  conditions  varying  from  favorable  to 
unfavorable,  under  which  the  manager  must  run,  allowing  all 
the  margin  necessary  to  meet  the  most  unfavorable  condition 
should  it  suddenly  occur. 

Frank  Firmstonb,  Easton,  Pa. : — It  seems  very  clear  that 
most  of  the  fuel  saved  by  drying  the  air  is  due  to  indirect 
advantages,  and  Prof.  Eichards'  heat-balance  shows  very  sat- 
isfactorily the  several  heads  under  which  this  economy  is  dis- 
tributed and  the  value  under  each.  I  think  furnace-managers 
will  generally  admit  that,  of  several  furnaces  not  differing  very 
greatly  in  size  and  shape  and  using  identical  materials,  the  one 
which  works  with  the  greatest  regularity  almost  always  (always 
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in  my  own  experience)  will  show  the  lowest  fuel  consumption. 
This  follows  chiefly  from  the  fact  that  it  is  safe  to  burden  such 
a  furnace  more  heavily  than  can  be  done  with  one  less  reliable, 
a  fact  to  which  Mr.  Gayley  has  himself  referred. 

It  must  be  a  great  satisfaction  to  Mr.  Gayley  that  his  clear 
understanding  of  the  probable  gain,  over  and  above  the  direct 
calculable  gain  from  decreasing  the  water  entering  the  furnace, 
has  caused  him  to  persevere  to  the  attainment  of  such  impor- 
tant results. 

A  word  of  caution  may  not  be  amiss  in  this  connection.  I 
believe  it  to  be  a  fact  that  furnaces  which  tend  to  work  regu- 
larly because  of  favorable  conditions  as  to  materials,  shape  or 
size,  etc.,  show  far  less  deviation  from  the  normal,  when  sub- 
jected to  a  disturbing  cause  of  given  magnitude,  than  do  those 
less  favorably  situated  in  these  respects.  I  could  cite  fairly 
conclusive  examples  from  my  own  observations.  I  have  no 
personal  experience  with  the  materials  now  used  in  the  Pitts- 
burg district,  but  from  conversations  with  blast-furnace  man- 
agers from  there,  and  from  recent  remarks  in  trade  and  techni- 
cal journals,  I  think  that  furnaces  which  use  them  do  not  work 
with  all  the  regularity  desirable.  If  that  be  so,  and  admitting 
what  is  said  above  as  to  the  greater  effect  of  disturbing  influ- 
ences under  such  circumstances,  it  may  easily  happen  that  ma- 
terially less  advantage  will  follow  the  application  of  dried  air 
to  furnaces  more  fortunately  situated  in  these  respects  than 
those  around  Pittsburg. 

It  is  worth  noting  that  although  according  to  Prof.  Richards' 
heat-balance,  the  dry-air  furnace  receives  1,585  less  calories 
from  the  hot^blasjb  than  does  the  moist^blast,  a  decidedly  larger 
proportion  of  the  total  heat  comes  from  this  source  than  in 
the  moist-air  furnace  (10.26  per  cent,  in  the  moist  air,  11.21  in 
the  dry  air).  This  is  of  the  greater  importance,  because  heat 
in  the  blast  corresponds  to  carbon  in  the  coke  burned  to  CO,, 
and  not  in  large  part  to  CO,  as  does  the  heat  produced  in  the 
furnace  itself. 

We  are  apt,  perhaps,  to  draw  too  positive  conclusions  from 
the  apparent  accuracy  of  the  heat-balance,  which  after  all  is 
only  a  necessary  consequence  of  the  accepted  doctrine  of  the 
conservation  of  energy.  Not  to  speak  of  the  present  case,  in 
which  that  portion  of  the  gain  arrived  at  indirectly  greatly  ex- 
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ceeds  the  part  which  could  be  pretty  accurately  calculated  in  ad- 
vance, there  have  been  plenty  of  instances  in  which  a  lucky 
change  in  methods  of  filling  or  more  careful  preparation  of 
materials  has  resulted  in  gains  almost  comparable  to  those  ac- 
complished by  Mr.  Gayley,  although  what  was  actually  done 
furnished,  a  priori^  no  grounds  whatever  to  expect  any  change 
in  the  heat-balance. 

E.  W.  Raymond,  New  York,  N.  Y. :— At  the  New  York 
meeting  of  the  Iron  and  Steel  Institute,**  I  emphasized  the 
uniformity  of  furnace-work  secured  by  Mr.  Qayley's  invention 
as  the  chief  element  of  its  technical  and  commercial  value ;  and 
I  have  seen  no  reason  since  that  time  to  change  this  opinion. 

Mr.  Meissner  has  shown  that  the  greater  liability  to  wasteful 
irregularities  involved  in  the  use  of  a  variable  natural-air  blast 
requires,  as  a  necessary  (yet  still  incomplete)  safeguard,  an  ex- 
cess of  fuel,  constituting,  as  it  were,  a  reserve  of  heat  for  emer- 
gencies. This  suggests  a  partial  analogy,  drawn  from  another 
branch  of  engineering,  namely,  the  so-called  "  factor  of  safety," 
employed  in  all  constructions,  by  which  the  theoretically  suffi- 
cient dimensions  of  a  given  piece  of  material  are  multiplied,  in 
order  to  provide  for  unexpected  strains  or  undetected  weak- 
ness. In  the  building  of  the  first  Brooklyn  Bridge,  the  factor 
of  safety  for  the  wires  of  the  suspended  cables  was  reduced 
considerably  below  the  traditional  figure,  for  the  simple  reason 
that  the  wire  for  those  cables  had  been  so  carefully  manufac- 
tured and  so  thoroughly  tested,  piece  by  piece,  as  to  remove 
the  danger  of  unsuspected  weakness,  and  measurably  to  insure 
the  behavior  of  the  material  in  practice,  according  to  the  for- 
mulas of  tensile  strength  and  elasticity  assumed  for  it.  By 
such  a  legitimate  reduction  of  the  factor  of  safety,  much  money 
was  saved  in  construction. 

The  extra  coke,  charged  in  a  blast-furnace  as  a  "  factor  of 
safety,''  is  not,  I  confess,  a  perfectly  parallel  case.  For  the 
extra  material  put  into  wires  or  beams  to  provide  for  homan 
oversight  or  exceptional  emergency,  simply  stays  there,  drawing 
interest  on  its  cost ;  whereas  the  extra  fuel  in  a  blast-furnace  is 
burned,  anyhow,  whether  it  be  needed  or  not.     If  it  be  not 

"  October,  1904  ;  see  Journal  of  the  Iron  and  Steel  Imtitvie^  Ixvi.,  No.  2,  1904, 
p.  301,  and  Tram,,  xxxv.,  746,  1022. 
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needed  to  meet  sudden  heat-requirements,  it«  combustion  must 
produce  further  irregularities  in  zones  of  reduction  and  fusion, 
grade  of  product,  etc.,  or  an  increased  proportion  of  CO  and 
an  increased  temperature  in  the  tunnel-head  gases.  This  raises 
another  question,  into  which  I  do  not  propose,  at  this  time,  to 
enter.  We  all  remember  that  the  illustrious  Sir  Lowthian  Bell, 
whose  memorable  investigation  and  discussion  of  the  blast-fur- 
nace process  will  be  forever  a  classic  authority,  practically 
reached  the  conclusion  (destructive  at  that  time  to  many  aca- 
demic theories)  that  the  blast-furnace  process  for  the  production 
of  pig-iron  was  so  admirably  fitted  for  its  purpose  as  to  furnish, 
for  a  given  ratio  of  CO  to  COj  in  the  escaping  gas,  the  best  in- 
ternal smelting-results,  together  with  sufficient  and  suitable 
fuel  for  heating  the  blast  and  raising  steam  in  the  boilers. 
Such  a  conclusion  can  never  be  final.  The  value  of  furnace- 
gases  for  use  outside  of  the  furnace  itself  (whether  in  making 
steam)  in  heating  blast,  or  even — ^as  Westman  proposed — in 
calcining  ore)  has  steadily  declined  in  the  opinion  of  iron-mas- 
ters with  the  enormous  increase  in  the  product  of  each  mod- 
ern blast-furnace  itself.  In  comparison  with  the  quantity  and 
quality  of  that  product,  they  care  much  less  now  than  formerly 
whether  outside  heat^requirements  are  supplied  from  the  fur- 
nace-gases or  not.  There  are  many  ways  of  getting  heat  for 
boilers,  stoves  and  kilns,  from  fuel  generally  cheaper  than  that 
which  is  charged  into  the  blast-furnace.  And  if  any  improve- 
ment in  the  smelting-process  proper  should,  by  reducing  the 
amount  of  superfluous  fuel  used  as  a  "  factor  of  safety,"  require 
additional  heat  for  outside  purposes,  we  could  easily  help  our- 
selves. Moreover,  such  an  excess  of  fuel  carried  within  the 
furnace  is  likely  to  do  least  good  outside,  just  when  it  is  most 
needed. 

The  immense  practical  importance  of  eliminating  irregulari- 
ties from  metallurgical  operations  is  illustrated  in  many  other 
departments,  besides  those  of  iron  and  steel.  To  name  only 
one  example,  the  chief  advantage  of  the  modern  reverberatory 
furnaces  for  the  matte-smelting  of  copper-ores,  the  dimensions 
of  which  have  paralyzed  with  astonishment  those  of  us  who 
painfully  mastered  the  principles  of  copper-smelting  a  genera- 
tion ago,  seems  to  be  the  removal  (through  the  presence  of  a 
vast  reservoir  of  heat  in  the  molten  charge)  of  those  frequent 
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changes  of  heat-conditions,  through  charging  and  discharging, 
which  were  inevitable  in  operations  on  a  smaller  scale. 

In  the  manufacture  of  pig-iron,  the  increased  capacity  of  the 
blast-furnace  has  illustrated  the  same  principle.  A  hundred 
little  problems  of  the  practice  of  the  last  generation  have  been, 
not  solved,  but  actually  drowned  out  of  sight,  by  the  high 
blast-temperature,  rapid  running,  and  great  mass  of  stock  in 
all  stages  of  reduction,  presented  by  our  great  modern  furnaces. 
On  the  other  hand,  any  irregularity  of  furnace-work  means  at 
least  ten  times  as  much  loss  of  money  as  formerly.  No  matter 
how  effective  the  scientific  remedy  may  be,  the  manager  of 
to-day  cannot  aftbrd  the  cost  of  the  temporary  furnace-disease. 
His  one  prayer  is,  that  he  may  know  what  he  has  to  do,  and 
what  he  is  doing,  and  that  he  may  not  be  overtaken  by  sur- 
prises— any  one  of  which  might  cost  him  more  than  many 
theoretical  improvements  could  recover  for  him. 

Such  calculations  as  Prof.  Howe  and  Prof.  Richards  have 
given  us  are  unquestionably  of  the  highest  value.  But  I  do  not 
think  they  discredit  the  importance  of  the  principle  of  regu- 
larity as  a  source  of  economy.  To  use  Prof.  Howe's  expression, 
they  simply  explain  how  and  why  regularity  produces  the  re- 
sults observed. 

The  argument  of  Prof.  Richards  suggests  another  analogy 
with  constructive  engineering,  namely,  that  of  the  placing  of 
material  just  where  it  is  needed,  instead  of  wasting  it  else- 
where— as  illustrated  by  the  old-fashioned  wooden  bridges 
built  by  rural  carpenters,  all  parts  of  which  were  of  the  same 
size,  or  even  by  the  famous  Brooklyn  Bridge  itself,  the  four 
cables  of  which  have  the  same  diameter,  though  two  of  them 
carry  more  than  twice  as  great  a  load  as  the  other  two.  Such 
an  economical  distribution  of  material  in  a  structure  is  practi- 
cable in  proportion  as  the  strength  of  each  part,  and  the  uni- 
foi'm  amount  or  limits  of  variation  of  the  strain  upon  it,  are 
known.  The  necessity  of  a  vaguely  determined  "factor  of 
safety  "  is  a  hindrance.  In  a  similar  way,  it  seems  to  me  that 
the  measurable  elimination  of  such  a  factor  in  the  heat^supply 
of  the  blast-furnace  permits  the  heat  to  be  supplied  at  the  point 
where  it  will  be  theoretically  most  effective,  instead  of  points 
where  it  may  be  accidentally  needed,  but  is  normally  less  use- 
ful, and  sometimes,  in  certain  respects,  harmful. 
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But  this  is  not  all.  Within  certain  limits,  uniform  conditions 
are,  per  se^  more  economical  in  practice  than  fluctuating  condi- 
tions. The  latter  prevent  a  furnace  from  working  up  to  any 
formula  of  efliciency  that  may  be  framed  for  it,  no  matter  with 
what  liberal  allowances  for  contingencies.  Nobody  can  tell 
what  may  be  the  loss  of  time,  labor,  material,  quantity  or 
quality  of  product,  caused  by  a  single  episode  of  irregularity 
in  working.  Regularity  does  more  than  secure  a  regular  in- 
come. It  protects  the  furnace  against  sudden,  premature  death. 
Since  the  cost  of  re-lining,  etc.,  for  a  new  campaign  must  be 
repaid  with  interest  by  the  product  of  that  campaign,  the  length 
of  the  campaign  is  an  important  element  of  economy. 

In  short,  I  do  not  see  that  there  is  any  essential  difference 
between  Prof.  Howe  and  Prof.  Richards,  on  the  one  hand,  and 
those  who  have  emphasized  uniformity  as  the  fundamental  ad- 
vantage of  Mr.  Gayley's  invention,  on  the  other.  They  ana- 
lyze the  advantages  derived  from  a  uniform  dry-blast,  and  due 
to  its  dryness  (i.e.,  to  the  smaller  amount  of  moisture,  the  larger 
proportion  of  oxygen,  etc.) ;  while  we  think  there  is  a  control- 
ling practical  advantage  in  its  uniformity — a  condition  which 
their  calculations  necessarily  assume.  In  other  words,  if  we 
imagine  a  blast-furnace  situated  in  a  climate  which  furnished 
a  natural  blast  even  lower,  on  the  average,  in  moisture  than 
Mr.  Gayley's  dry-blast,  but  varying,  between  day  and  night, 
from  far  below  to  far  above  that  limit,  we  think  the  variations 
would  more  than  counterbalance  the  practical  economy  of  the 
more  favorable  average  conditions. 

At  all  events,  I  am  warranted  by  this  discussion,  and  by  pre- 
vious discussions  in  this  country  and  abroad,  in  expressing  the 
pleasure  which,  I  do  not  doubt,  is  shared  by  all  my  American 
colleagues  in  the  fact  that  the  consideration  of  this  new  advance 
in  metallurgical  practice  has  already  passed  beyond  the  stage 
of  skepticism  as  to  its  practical  results,  into  the  stage  of  serious, 
scientific  inquiry  concerning  their  explanation.  This  is  the 
normal  and  proper  course  for  such  testing  of  new  technical 
propositions.  The  exceptional  feature  in  the  present  instance 
is  the  brevity  of  the  initial  period  of  incredulity,  which  I  re- 
gard as  a  generous,  and,  at  the  same  time,  a  just  recognition 
of  American  representatives  of  both  the  science  and  the  prac- 
tice of  metallurgy. 
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Jambs  Gaylby,  New  York,  N.  Y. : — ^Whether  or  not  the  in- 
creased uniformity  obtained  by  the  use  of  dry  air  explains  the 
economies  thereby  effected,  it  makes  possible,  nevertheless,  the 
various  theories  brought  forward  to  account  for  those  economies. 
It  is  a  fact  well  known  to  all  furnace-managers,  that,  owing  to 
atmospheric  conditions,  there  are  a  great  many  days  and  periods 
when  the  furnace  could  be  operated  much  more  economically 
than  it  is,  the  conditions  being  such  as  to  permit  of  a  material 
increase  in  burden ;  but  instead  of  meeting  these  conditions, 
the  blast-temperature  is  reduced,  and  often  the  volume  of  blast 
is  increased,  in  order  to  gain  a  temporary  advantage  through 
increased  output.     A  change  in  burden  is  not  practicable,  be- 
cause, too  frequently,  before  the  larger  burden  could  reach  the 
tuyeres,  a  change  in  atmospheric  conditions  might  occur  and 
the   fuel-consumption  would  be  increased  above  the  normal 
amount  by  reason  of  a  derangement  of  the  furnace.     Thus,  by 
reason  of  the  lack  of  uniformity  in  the  ever-changing  humidity 
of  the  atmosphere,  advantageous  conditions  could  not  be  util- 
ized, because  they  were  temporary. 

The  drying  of  the  air  not  only  removes  an  unfavorable  and 
varying  element  from  the  blast,  but  by  keeping  the  content  of 
moisture  in  the  dry  air  practically  uniform,  through  refrigera- 
tion to  a  uniform  temperature,  it  permits  the  delivery  into  the 
furnace  of  a  practically  constant  weight  of  air,  and  therefore 
of  oxygen — a  result  which  cannot  be  obtained  through  an  in- 
crease in  blast-temperature.  The  elimination  of  the  moisture 
removes  a  heat-extracting  element  at  the  tuyeres — a  critical 
point  in  the  furnace-operations — and  this,  together  with  the 
uniform  weight  of  oxygen  constantly  supplied,  intensifies  the 
combustion,  and  localizes  and  lowers  the  fusion-zone.  With 
natural  air  the  fusion-zone  is  constantly  fluctuating;  when  the 
zone  is  lowered,  incipient  scaffolds  form  on  the  area  through 
which  it  is  lowered ;  and  when  the  zone  is  again  raised,  these 
scafiblds  are  melted  loose,  and,  descending  into  the  hearth,  ab- 
sorb heat.  For  this  purpose  alone,  a  margin  of  safety  in  fiiel 
must  be  carried  in  the  burden. 

Before  this  process  was  applied  practically,  many  calculations, 
made  to  determine  the  economic  value  of  a  removal  of  the 
moisture,  indicated  that,  during  the  spring  and  autumn  periods, 
a  saving  of  from  3  to  3.5  per  cent,  in  ftiel  could  be  obtained; 
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while  during  midsummer  a  saving  of  7  per  cent,  was  possible. 
Yet  the  saving  actually  realized  has  been  from  15  to  20  per 
cent,  according  to  conditions.  That  uniformity,  in  the  weight 
of  air  delivered  to  the  furnace,  is  the  greatest  factor  making 
for  economy,  is  shown  by  the  fact  that  quite  as  great  a  saving 
has  been  effected  in  the  dryest  months  of  winter  as  in  the  more 
humid  months  of  summer. 

Prof.  Richards  observes  that  the  reihoval  of  moisture  prima- 
rily produces  a  higher  temperature  at  the  tuyeres  and  thereby 
effects  various  economies.  When  Mr.  Windsor  Richards,  an 
acute  observer  of  metallurgical  processes,  visited  the  Isabella 
furnace,  he  immediately  noticed  and  called  attention  to  the 
intense  brightness  of  the  tuyeres.  Prof.  Richards  hits  the  nail 
squarely  on  the  head  when  he  says  that  dry-blast  "  produces 
regularity  of  the  uniformly  favorable  type." 

Mr.  Pirmstone  says  there  are  many  instances  in  which  "  a 
lucky  change  in  methods  of  filling  or  more  careful  preparation 
of  materials  "  has  produced  great  and  valuable  gains  in  blast- 
furnace practice.  I  believe  this  to  be  true  in  his  experience, 
wl\ich  is  to-day  still  greatly  valued  by  all  blast-furnace  man- 
agers, and  I  know  it  to  be  true  in  my  earlier  experience ;  but  I 
do  not  think  it  is  true  of  the  practice  of  the  past  ten  years. 
Mr.  Firmstone  remarks  that,  from  conversation  with  blast-fur- 
nace managers  in  Pittsburg,  with  reference  to  the  materials 
used,  he  thinks  "  that  furnaces  which  use  them  do  not  work 
with  all  the  regularity  desirable."  I  think  Mr.  Pirmstone  has 
reference  to  the  early  use  of  Mesabi  ores,  with  regard  to  which 
the  statement  is  true.  In  a  given  unit  of  time,  Mesabi  ores 
will  part  with  from  25  to  28  per  cent,  while  the  Old  Range 
Lake  Superior  hematites  will  only  part  with  15  to  22  per  cent, 
of  their  oxygen  to  form  carbonic  oxide  gas ;  and  this  difference 
in  reducibility  has  caused  considerable  irregularity  in  iurnace- 
operations.  (I  question  if  anyone  has  so  thoroughly  investi- 
gated reducibility  of  American  iron-ores  on  a  practical  scale  as 
Mr.  P.  E.  Bachman,  of  Port  Henry,  N.  Y.,  from  whom  I  have 
obtained  my  data.)  But  we  have  learned  much  in  a  few  years; 
and  under  the  practice  of  charging  a  furnace  with  ores  of  nearly 
uniform  reducibility  this  trouble  has  disappeared.  Moreover, 
it  should  not  be  overlooked,  that  the  economies  effected  by  dry- 
blast,  as  reported  in  my  previous  papers,  were  realized  with 
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furnaces  which  had  been  using  60  per  cent  of  Mesabi  ore  for 
several  years  and  working  with  as  much  regularity  as  I  have 
found  anywhere  in  my  experience.  The  comparisons  made  by 
me  were  therefore  fair  in  this  respect,  being  based  upon  inden- 
tical  conditions — aside  from  the  nature  of  the  blast — ^in  the  re- 
cords compared. 

Let  me  suggest  now  certain  economies,  both  practical  and 
theoretical,  in  the  application  of  dry-air  blast.  The  plant  at 
Isabella  was  designed  solely  to  determine  the  value  of  dry-air 
blast,  with  a  minimum  of  expenditure.  Only  one  refrigerat- 
iug-chamber  was  provided.  It  would  have  been  better  to  divide 
this  chamber  by  partitions,  with  an  outlet  from  each  division 
to  the  blast-main,  that  could  be  closed  during  the  thawing-off 
period.  Every  day,  one-third  of  the  coils  are  thawed  off;  and, 
with  the  present  construction,  the  quantity  of  moisture  in  the 
air  supplied  to  the  blowing-engines  during  this  process  is  in- 
creased 50  per  cent.,  as  is  shown  in  Fig.  1. 

1.50  Grains 


1  Grain 


/        h^ 


A  B  C      E     E'  D 

Fig.  1. — Moisture  in  Dried  Air,  Using  One  Befrioeratino  Chamber. 

Let  A  to  D  represent  24  hr.  We  begin  at  B  to  thaw  the 
coils  and  are  running  at  1  grain  of  moisture  per  cu.  ft,  of  air ; 
at  B  it  increases  to  1.50  grain,  the  thawing  is  completed  at  C» 
but  the  chilling-effects  of  that  0.6  grain  of  water  (which  repre- 
sents the  delivery  into  the  furnace  of  18  gal.  of  water  per  hr.) 
is  not  ended  at  C,  but  continues  to  a  point  represented  by  Eor 
IE/.  We  have  therefore  practically,  under  present  conditions, 
out  of  the  24  hr.  only  16  hr,  of  normal  conditions  as  to  moisture. 
By  means  of  sub-chambers,  we  shall  be  able  to  run  on  a  regu- 
lar content  of  moisture,  and  I  contend  that  the  best  work  ob- 
tained at  the  Isabella  plant,  will,  through  the  future  employ- 
ment of  sub-chambers  in  construction,  eventually  prove  to  be 
the  normal  condition  of  work. 

Prom  theoretical  calculations,  it  appeared  that  an  economy 
in  construction  could  be  effected  by  conducting  the  operation 
in  two  stages ;  that  is,  by  passing  the  air  first  over  coils  cooled 
to  30°  F.,  and  condensing  a  considerable  portion  of  the  mois- 
ture as  water,  after  which,  by  passing  it  over  a  series  of  coils 
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at  a  much  lower  temperature,  it  could  be  reduced  to  the  desired 
temperature,  while  the  moisture  would  be  deposited  as  frost. 
Since  the  water  from  the  first  cooling  would  flow  away,  thus 
leaving  a  smaller  amount  of  frost  to  be  removed  by  thawing, 
this  arrangement  seemed  advantageous.  But  when  the  data 
were  supplied  to  manufacturers  of  refrigerating  machinery,  the 
estimates  they  furnished  showed  that  there  would  be  actually 
no  economy  in  construction,  and  the  saving  in  operation  was 
indicated  to  be  very  small.  The  two-stage  system  appears  to 
be  more  diflBcult  of  adjustment  to  varying  conditions,  and  to 
involve  more  complications  in  operations — ^which  are  not  desir- 
able, since  economy  of  power  would  depend  on  the  proper  ad- 
justment of  the  two  stages. 

The  use  of  ammonia  by  direct  expansion  in  the  refrigerating- 
chamber  requires,  in  comparison  with  brine,  more  expensive 
pipes  and  fittings  in  construction,  and  more  careful  oversight 
in  adjusting  the  valves  to  secure  a  uniform  refirigeration.  Ac- 
cording to  theoretical  calculation,  the  direct  expansion  shows 
an  economy  over  the  brine  system ;  but  I  doubt  whether  this 
would  prove  true  in  practice.  Our  first  installation  with  di- 
rect expansion  at  the  Isabella  furnace  showed  that  additional 
labor  would  be  required.  We  are  now  using,  with  the  brine- 
system,  two  men  on  day-turn  and  one  man  at  night,  while  with 
direct  expansion  four  men  would  be  required  for  the  two  turns. 
Direct  expansion  presents,  moreover,  additional  opportunity  for 
increased  leakage  of  ammonia. 

My  first  experiment  was  conducted  on  the  two-stage  system. 
The  air  was  taken  in  a  heated  engine-room  in  winter,  and  cold 
river-water  was  passed  through  one  chamber  and  ammonia 
directly  expanded  through  another ;  and  (in  the  last  experi- 
ment before  the  installation  at  the  Isabella  furnace)  two  large 
chambers  were  used,  in  one  of  which  brine  was  circulated, 
while  in  the  other  ammonia  was  directly  expanded. 

It  has  been  suggested  that  the  cold  air  passing  from  the  re- 
frigerating-chamber  could  be  conducted  to  a  regenerator,  to 
cool  the  incoming  air.  This  would  increase  the  cost  of  con- 
struction, and  does  not  hold  out  much  promise  of  economy  in 
the  refrigerating  operation.  The  dry  air,  being  heated  by  this 
operation,  would  require  more  revolutions  of  the  blowing-en- 
gines to  deliver  the  required  weight  of  air  to  the  furnace ;  and 
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this  would  consume  more  power.  But  the  chief  objection  is, 
that  the  dry  air,  absorbing  heat  from  the  incoming  air,  would 
vary  in  subsequent  temperature  nearly  as  much  as  the  natural 
air,  and  the  process  would  thus,  to  a  considerable  extent,  re- 
vert to  natural-air  conditions.  Any  process  for  extracting 
moisture  that  does  not  also  provide  for  the  delivery  of  a  prac- 
tically constant  weight  of  air  to  the  furnace,  will  not  yield  the 
economy  that  is  now  obtained  at  the  Isabella  furnace. 

Our  experience  with  the  use  of  dry  air  shows  that,  even 
under  adverse  conditions,  great  economies  are  possible.  Fur- 
nace No.  1  at  the  Isabella  plant  has  made  a  large  output,  and 
has  been  banked  three  times — ^a  process  which  is  always  detri- 
mental to  economy.  At  the  present  time,  a  large  part  of  the 
lining  has  given  way  at  about  the  middle  of  the  stack  for  a 
space  20  ft.  high  and  reaching  half  way  around  the  jacket  A 
constant  stream  of  water  is  required  to  play  on  this  portion  of 
the  jacket,  in  order  to  keep  the  furnace  in  operation.  Yet,  hav- 
ing all  this  to  contend  with.  No.  1  is  producing  iron  under  dry- 
blast  with  a  coke-consumption  340  lb.  smaller  per  ton  of  pig 
than  its  companion  furnace,  of  the  same  size  and  supplied  with 
the  same  ores  and  fuel,  under  natural-air  blast. 

The  experience  of  18  months  with  dry-air  blast  has  demon- 
strated several  things : 

1.  The  charges  settle  more  quickly  and  uniformly  after  cast- 
ing than  in  a  furnace  blown  with  natural  air. 

2.  The  loss  in  flue-dust  is  about  2  per  cent.  less. 

3.  The  furnace  works  with  greater  regularity,  and  off-grades 
of  iron,  which  are  usually  sold  at  a  considerable  reduction  in 
price,  are  seldom  made ;  for  dry-air  blast  maintains  the  regu- 
larity of  the  grade  of  output,  which,  in  a  merchant-furnace,  is  a 
considerable  advantage.  In  the  product  of  a  furnace  blown 
with  natural  air,  when  the  silicon  is  lowered,  the  sulphur  often 
is  increased  to  such  an  extent  that  the  pig  must  either  be  re- 
melted,  or  sold  at  a  material  reduction  in  price.  With  dry- 
air  blast,  we  have  found  that  there  is  rarely  an  appreciable  in- 
crease in  sulphur  corresponding  to  a  material  reduction  in 
silicon. 

The  ability  to  produce  pig-iron  according  to  standard  speci- 
fications, with  increased  uniformity  of  grade  and  composition, 
makes  this  process  specially  valuable  to  merchant-furnaces,  in 
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the  operations  of  which  a  considerable  profit  is  habitually  sac- 
rificed in  the  marketing  of  "  off"  grades  of  pig-iron. 

From  the  standpoint  of  a  practical  blast-farnace  manager, 
retaining  a  vivid  recollection  of  the  daily  whims  of  that  crude 
yet  delicate  apparatus,  the  blast-fiirnace,  I  can  heartily  endorse 
the  views  expressed  by  Dr.  Raymond,  while  accepting  with 
respect  and  gratitude  the  theoretical  explanations  advanced  by 
Prof.  Howe,  Prof.  Richards,  and  other  eminent  authorities  at 
home  and  abroad. 


[37] 


SUBJaCT  TO  SETIBIOH. 


[TRANSACTIONS  OF  THK  AHEBICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


Screens  for  Sizing. 

BY  ERNEST  A.   HER8AM,   BEREISLET,  CAL. 
(Bethlehem  MeetiDg,  Febroary,  1906.) 

Accurate  ore-Bizing  with  screens  is  drawing  attention  to  cer- 
tain details  that  now,  more  than  ever  before,  require  attention. 
There  are  many  tests  that  must  be  preceded  by  careful  sizing. 
The  assayer  often  could  profit  by  a  more  careful  selection  of 
screens.  In  milling,  more  attention  is  given  the  slimes  pro- 
duced. Cement-manufacturers  are  pulverizing  and  screening 
finer  than  they  formerly  did,  and  others  are  reducing  materials 
to  fine  sizes  at  high  cost,  with  screens  used  to  govern  the  fine- 
ness of  the  pulverized  product.  Pine  screens  are  expensive, 
easily  injured  by  mis-use,  are  carried  in  stock  sparingly  by 
most  dealers,  and  are  handled  often  by  those  who  know  little 
about  them  except  their  designated  number. 

More  attention,  on  the  whole,  needs  be  given  the  actual  size 
of  the  mesh-openings,  and  less  emphasis  placed  upon  any  cus- 
tom or  conventionality  in  numbering.  An  effort  to  classiiy 
wire  screens,  in  this  respect,  leads  at  once  into  computations, 
where  one  is  confronted  with  details  of  sizes  and  standards,  of 
diffiBrent  wires,  different  gauges,  and  different  customs.  There 
is  always  uncertainty  about  the  exact  working-size  of  a  screen 
until  one  gives  the  matter  special  attention,  and  devotes  more 
time  to  it  than  its  simplicity  seems  to  demand.  To  know  only 
the  number  is  not  suflBcient  for  all  uses.  Often,  in  sets,  super- 
fluous sizes  are  used ;  and  sizes  are  omitted  that  are  of  critical 
importance. 

In  wire  screens,  the  use  of  different  standard  sizes  of  wire 
makes  important  differences  in  dimensions  that  must  be  taken 
into  account.  The  dealer  usually  grades  screens  by  the  num- 
ber of  openings  per  linear  dimensions,  regardless  of  the  size  of 
the  openings  or  of  the  wire.  Certain  lOO-mesh  screens  in  use 
are  found,  by  measurement,  to  be  actually  coarser  than  others 
of  90-mesh,  a  result  which  is  due,  of  course,  to  the  use  of  larger 
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wire  in  the  latter  than  in  the  former,  while  in  number,  the  open- 
ings remain  correct. 

In  arranging  a  graded  series  of  screens,  following  any  mathe- 
matical law  or  the  line  of  any  curve,  the  tables  which  follow 
will  be  found  of  use.  The  working-spaces  of  standard  screens 
of  the  different  sizes  can  be  compared  in  these  tables ;  and  the 
modulations  of  these  spaces  that  result  from  varying  the  wire 
to  produce  a  different  weight  of  screen,  or  a  different  strength, 
can  be  seen  and  chosen  from  the  many  combinations  possible. 

A  system  of  numbering  screens  by  their  space-openings 
would  be  most  desirable  could  it  become  general.  Numbering 
from  1  to  1,000  in  thousandths  of  an  inch,  as  has  been  adopted 
by  certain  English  manufacturers,  for  the  measurement  of  wire, 
or  from  1  to  250  in  hundredths  of  a  millimeter,  were  the  me- 
tric system  to  be  employed,  would  have  many  advantages.  It 
is  well,  in  following  one's  own  purpose,  to  give  to  the  screens 
such  numbers  as  design  their  working-sizes,  and  to  regard  them 
by  the  dimensions  of  their  spaces.  By  doing  this  more  gener- 
ally, a  better  expression  of  the  actual  size  of  screened  material 
would  be  had  than  is  now  common. 

The  possibility  of  classifying  materials  in  currents  of  water, 
or  of  air,  at  different  velocities,  makes  the  use  of  screens,  and, 
fortunately,  the  finer  ones,  often  unnecessary.  But  classifica- 
tion by  difference  in  size  alone,  with  no  specific  gravity  condi- 
tion to  enter,  requires  actual  screening.  For  this  need,  there 
are  available,  and  on  the  market,  punched  screens,"  and  wire 
ones,  of  various  metals,  and  of  standp^rd  sizes.  The  punched 
screens  are  used  extensively  in  gold-milling,  and  are  regarded 
by  many  as  superior  to  other  kinds  for  this  purpose.  Such 
screens  are  made  with  punched  openings,  both  round  and 
square;  and  many  are  punched  with  the  long  and  narrow 
needle  slot,  cut  either  along  horizontal  lines  or  on  a  diagonal. 
Some  of  the  screens  are  punched  with  a  burr  purposely  left 
around  the  edge  of  the  slots,  and  others  with  indented  slots. 

The  thickness  of  a  punched  metal  usually  should  be  between 
a  half  and  a  quarter  of  the  diameter  of  the  hole;  but  this 
requisite  varies  also  with  the  size,  and  with  the  kind  and  the 
quality  of  metal.  However  desirable  extreme  thinness  of  the 
metal  would  be,  causing  screens  to  work  freely  in  the  fine  sizes, 
the  strength,  notwithstanding,  must  be  maintained,  and  allow- 
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ance  made  for  the  wear  of  the  sheet-metal.  Screens  are  made 
thicker,  relatively  to  the  size,  therefore,  as  they  are  made  to  do 
finer  work,  since  there  must  be  adequate  working-area  and 
strength  of  screen  to  support  this. 

Screens  made  from  drawn  wire  of  difterent  metals  are  strong. 
Injury  most  often  comes  to  these  from  the  displacement  of 
wires ;  and  this  quality,  with  the  high  first  cost,  often  gives 
reason  for  using  other  kinds.  Very  fine  screens  are  made,  de- 
sirably, of  wire  cloth.  For  many  uses,  the  wire  screen  has  no 
satisfactory  substitute. 

The  shape  and  area  of  the  apertures  through  which  the 
crushed  material  must  pass  is  the  important  quality,  if  the 
screen  be  used  for  accurate  work.  Difterent  shapes  of  screen- 
openings  act  differently  upon  particles  of  difterent  shapes. 
Tabular  particles  can  pass  the  slot  screens  when  they  would  be 
held  back  by  square  or  round  openings  of  equal  space ;  and  the 
passage  of  needle-like  particles  must  depend,  in  a  measure, 
upon  the  kind  and  violence  of  the  motion  and  the  thickness  of 
the  sheet-metal.  Difterent  minerals  and  rocks  break  into  dif- 
ferent shapes  of  particles ;  and  the  methods  of  pulverizing  in- 
fluence this.  Abrasion  tends  to  destroy  any  extreme  irregu- 
larity of  shape,  and  so,  for  the  most  part,  crushed  substance 
like  ore  breaks  into  particles  of  no  very  great  disparity  of  axial 
dimensions. 

If  one  might  neglect  these  differences  in  the  shape,  which 
result  from  cleavage  and  crystallization,  and  which  arise  from 
the  different  action  of  the  crusher  upon  particles  that  are  brit- 
tle, elastic  or  malleable,  the  mean  condition  of  dimensions,  or 
the  average  shape  of  particles,  would  be  spherical.  This  shape 
cannot  be  fairly  neglected ;  but  in  the  grading  of  screens  it  is 
well  to  consider  their  work  as  if  upon  either  spherical  or  cubi- 
cal, particles ;  and  where  difference  in  the  shape  is  taken  into 
consideration,  one  then  may  use  the  sphere  or  the  cube  as  a 
basis  in  making  the  necessary  modification.  If  uniform  rock 
tends  to  assume  certain  forms  in  the  large  pieces,  it  is  likely 
to  do  this  also  in  the  small  sizes,  and  the  relation  between  di- 
ameter and  mass  then  holds  through  all  sizes.  Ores,  however, 
being  composed  of  mixed  minerals,  liberate  crystals  or  miner- 
als of  different  shapes  upon  crushing,  and  no  relation  holds 
that  can  be  predicted  definitely.     Allowance  usually  must  be 
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made  for  the  widest  difierence  in  size  that  could  be  probable 
among  these  particles,  as  they  escape  from  the  rough  action  of 
the  crusher. 

This  difference  will  be  found  greater  than  is  desired,  but  it 
must  not  in  any  way  discourage  close  work  with  screens. 
Brunton'  finds  with  a  single  mineral  (pyrite),  particles  passing 
the  screen  which  are  nearly  three  times  the  size  (mass)  of  the 
theoretical  cube  that  could  pass.  On  the  other  hand,  with  a 
mineral  like  quartz,  pieces  commonly  are  taken  from  screens 
which  are  only  one-third  and  one-fourth  the  weight  of  the  the- 
oretical cube. 

Thus,  there  is  an  overlapping  in  the  actual  weight  of  parti- 
cles from  one  size  of  screen  to  the  next,  in  a  closely  graded 
set.  This  lays  emphasis  upon  the  motion  that  is  given  the 
screen  to  force  the  ore  through,  upon  the  length  of  time  allowed 
the  particles  to  find  a  position  to  pass,  and  upon  the  mass  of 
material  on  the  screen  obstructing  the  freedom  of  motion,  with 
other  conditions  that  modify  the  mechanical  action,  all  of  which, 
if  not  made  uniform,  would  have  much  influence  upon  the 
results  obtained  with  screens  uniform  in  size. 

In  the  fine  sizes,  moisture  in  the  ore  has  influence.  The  dif- 
ferent frictional  resistance  of  fine  particles,  too,  afiects  their 
behavior.  Their  contacts,  with  increased  surface  and  smaller 
masses,  influenced  by  an  increase  of  their  appreciable  cohesive 
force,  aftects  them.  The  diminished  force  of  gravity  and  mo- 
mentum acting  upon  these  smaller  masses  having  greater  pro- 
portionate surfaces,  makes  the  departure  from  the  behavior  of 
the  theoretical  cube  different  for  different  sizes. 

The  effects  of  the  size  of  the  screen  are  distinct,  however, 
upon  the  average  size  of  a  product,  or  upon  products  typified, 
in  single  sizes.  Deviations  from  such  a  typical  condition  are 
characteristic  of  the  ore,  and  are  functions  of  this,  as  well  as 
of  the  size  to  which  the  ore  is  crushed.  Screens  are  gauged 
as  accurately,  therefore,  as  though  the  products  were  strictly 
uniform. 

The  slot  screen,  in  this  regard,  has  only  one  dimension  to  be 
considered,  the  width  of  the  slot.  The  length  of  the  slot  is 
limited  chiefly  by  the  strength  desired,  and  for  ore-sizing,  this 

»  Trans.  J  xxv.,  832. 
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length  is  sufficient  to  be  disregarded.  The  square-panched 
or  the  woven  wire  screen  must  be  rated  according  to  the  space 
between  wires,  or  the  diameter  of  the  largest  possible  inscribed 
circle  in  the  rectangular  opening.  The  round-punched  screen 
is  measured  by  the  diameter  of  the  openings. 

Also,  the  thickness  of  a  punched  sheet  has  something  to  do 
with  the  size  of  the  irregularly  shaped  particles  that  actually 
pass ;  but  thickness,  necessarily,  increases  the  tendency  of  a 
screen  to  clog,  and  any  difierence  in  size  that  can  arise  from 
difference  in  thickness,  if  a  screen  is  suitable  to  use  at  all,  is 
small  compared  with  other  factors. 

Microscopic  examination  shows  that  most  fine  cloth-screens 
are  well  made ;  and  that  the  wire  from  which  they  are  woven 
is  gauged  evenly  by  some  standard  intended  by  the  manu&c- 
turer.  The  benefit  of  this  accuracy,  however,  may  not  always 
fall  upon  the  consumer,  who  finds  difficulty,  perhaps,  in  ob- 
taining the  exact  size  desired  without  delay,  or  without  danger 
of  specifying  sizes  difficult  to  produce. 

A  large  number  of  screens  of  many  kinds  have  been  meas- 
ured by  projecting  parallel  rays  of  light  through  them  and 
through  the  lenses  of  a  stereopticon  to  a  wall  upon  which  they 
could  be  measured.  After  testing  the  lens  of  a  stereopticon, 
measurement  can  be  made  conveniently  in  this  way  with  much 
accuracy.  A  large  field  is  exposed  to  view ;  and  aberration  of 
light  is  avoided  by  attaching  pieces  of  the  fine  screens  to 
ground-glass  slides  for  their  projection.  Any  irregularity  is 
detected  at  once  by  the  eye,  and  the  finest  wire  is  measured 
accurately  with  a  drawing-scale. 

The  result  of  the  examination  of  these  screens  shows  the 
need  of  care  by  all  who  are  using  screens  for  accurate  work. 
One  must  be  certain  not  only  that  the  number  of  apertures 
per  linear  inch  is  correct,  but  that  the  size  of  wire,  if  uniform, 
is  of  the  size  expected ;  and  one  must  see  what  effect  this  size 
has  upon  the  diameter  of  the  available  aperture. 

In  the  following  tables  are  given  the  space-openings  of 
screens  of  different  sizes,  when  made  correctly  of  standard 
wire.  The  calculation  upon  which  the  tables  are  based  refers 
to  the  size  of  spherical  particles  which  screens  would  permit  to 
pass.  Difterent  standard-gauges  are  shown,  as  are  required, 
to  cover  the  needs  of  the  prevailing  manufacturing  customs. 
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Whereas,  iron  or  steel  usually  is  measured  by  the  Worcester 
(Washburn  and  Moen  or  the  Roebling)  gauge,  copper  is  meas- 
ured by  the  American  (Brown  and  Sharpe)  gauge,  and  brass 
wire  by  the  Old  English,  or  London  gauge,  or  by  the  Birming- 
ham (or  Stub's)  gauge  in  the  coarser  sizes. 

The  tables  can  be  used  to  select  from  the  standard  sizes,  such 
screens  as  are  required  in  any  graded  series.  Within  a  certain 
limit,  it  is  justifiable  to  vary  the  wire  in  ordering,  so  as  to  ob- 
tain the  exact  sizes  wanted.  For  this  purpose,  screens  of  dif- 
ferent weight,  of  different  sizes  of  wire,  are  shown. 

The  letter  d  represents  the  screens  used  by  Prof.  De  Kalb  in 
his  tests  and  graphic  records.* 

The  letter  /  shows  the  screens  which  most  nearly  approach 
a  series  based  upon  quarters,  eighths  and  sixteenths  of  inches, 
as  mentioned  below. 

The  letter  h  represents  screen-sizes  that  correspond  to  those 
described  by  W.  8.  Hutchinson*  and  used  in  connection  with 
Prof.  Richards'  work  on  Ore  Dressing. 

The  letter  p  shows  those  sizes  that  closely  approach  the  space 
of  certain  standard  needle-slot  screens  which  are  made. 

The  letter  r,  in  the  reference  column,  shows  sizes  closely  ap- 
proaching those  used  by  Rittinger,  obtained  by  the  use  of  a 
size  of  wire  recommended  in  a  table  published  by  the  School 
of  Mines  Quarterly .^ 

The  letter  s  shows  sizes  used  by  Brunton  in  his  work  upon 
ore-sampling.* 

The  letter  t  shows  the  sizes  of  all  those  desirable  screens,  in 
each  table,  which  approach  most  nearly  the  sizes  represented 
in  Table  I.,  below. 

The  tables  will  be  found  arranged  in  the  order  of  decreasing 
sizes  resulting  from  the  use  of  heavier  wire,  within  limits. 
Sizes  will  be  found  approaching  closely  any  sizes  required  in  a 
graded  series. 

A  series,  to  be  consistent,  often  should  follow,'  in  geometri- 
cal progression,  a  constant  fractional  reduction  from  size  to 
size.  Thus,  a  series  of  2,  1,  |,  J,  |,  ^,  ^,  ^^,  ^,  ^  and 
-^  in.,  or,  expressed  in  decimals,  2,  1,  0.5,  0.25,  0.125,  0.0625, 

«  2VafM.,  xxviii.,  484  (1898).  »  !ZVa7M.,  xxxv.,  268  (1905). 

*  School  of  Mines  Quarterly,  vol.  ii.,  p.  216  (         ). 
»  Trans,,  xxv.,  827  (1895). 
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0.0S12,  0.0156,0.0078,  0.0089  and  0.0020  in.,  is  satisfactory  for 
general  use.  The  nearest  approach  to  such  a  series  of  screens 
as  this,  is  shown  by  the  letter/ in  the  tables. 

A  desirable  graded  series  of  screens  is  shown  by  the  space 
openings  represented  in  Table  I.  These  follow  the  lines  of 
such  a  curve  as  has  been  used  by  Rittinger,  and  they  are  ex- 
tended in  the  tabulation,  here,  in  order  to  cover  the  extremely 
fine  sizes.  The  nearest  approach  to  these  desirable  space  open- 
ings, that  can  be  obtained  by  the  use  of  standard  wire,  is  here 
represented  by  the  mesh  of  the  screen  and  the  number  of  the 
wire. 

Table  I. — A  Graded  Series  of  Screens. 


Openings  Desired. 

Meshes* 

Size  of  Brass 
Wire.    Old 

Openings  Desired. 

Meshes 

Size  of  Brass 
Wire.    Old 

to  the 
Inch. 

English  or 
London 

to  the 
Inch. 

English  or 

MilU- 
meteis. 

Milli- 
meters. 

Loudon 

Inches. 

Gauge. 

Inches. 

Gauge. 

64.0 

2.56 

S'' 

000 

r  26 

27 

45.2 
32.0 

1.80 

1.28 

IJ'^ 

0 
3 

0.50 

0.020 

■ 

28 
30 

29 
30 

22.6 

0.890 

w 

4 

35 

35 

16.0 

0.630 

V' 

11 

( 

'   35 

30 

11.3 

0.445 

7 

0.35 

0.014         \ 

40 

32 

8.0 

0.815 

2i 

14 

.  50 

•     38 

5.6 

0.222 

f^ 

16 
13 

0.25 

0.0098 

- 

r  50 

I    55 

34 
35 

4.0 

0.157 

\t 

16 
19 

0.175 

0.0069 

f    74 
\  80 

37 
38 

2.8 

0.111 

7 

21 

f  90 

38 

2.0 

0.079 

/   7 
I   9 

16 
21 

0.125 

0.0049 

•  100 
1 120 

39 
43 

1.41 

0.056 

ri2 

114 

23 
29 

0.087 

0.0034 

fl50 
\160 

44 
45 

ri6 

25 

ri60 

43 

1.00 

0.039 

18 

20 

.22 

18 

28 
32 
36 
23 

0.062 

0.0024 

1180 
|190 
L200 
fl80 

44 
45 
45} 
43 

20 

25 

0.043 

0.0017 

-   190 

43 

0.70 

0.028 

22 

26 

l200 

44 

24 

30 

0.031 

0.0012 

190 

42 

26 

33 

0.022 

0.0009 

200 

42 

*  Where  the  sign  of  inches  {'^)  is  expressed,  the  number  signifies  ''  inches  to 
the  mesh." 


The  needle-slot  screens  do  not  conform  with  screens  of  wire- 
cloth  in  their  designated  number.  In  punched  screens,  the 
size  of  the  opening  is  incidental  to  nothing  else.  Coarse  sizes 
can  be  obtained  of  any  space  opening  desired  in  simple  fractions 
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of  inches  or  millimeters.     Certain  finer  sizes,  which  are  repre- 
sented by  smaller  fractions,  are  shown  in  Table  II. 


Table  II. — Openings  in 

Certain  Punched  Screens. 

No. 

Mesh. 

Width  of  Slot. 

No. 

Mesh. 

Width  of  Slot. 

Inches. 

Millimeten. 

Inches. 

MlUlmeten. 

1 

12 

0.058 

1.47 

8 

35 

0.022 

0.56 

2 

14 

0.049 

1.24 

9 

40 

0.020 

0.51 

3 

16 

0.042 

1.07 

10 

50 

0.018 

a46 

4 

18 

0.035 

0.89 

11 

55 

0.0165 

0.42 

6 

20 

0.029 

0.74 

12             60 

0.015 

0.38 

6 

25 

0.027 

0.69 

]3            70 

0.0135  '       0.84 

7 

30 

0.024 

0.61 

1 

In  Tables  III.  to  VI.,  inclusive,  the  following  references  are 
used : — 

d.  Represents  the  size  of  screens  used  by  De  Kalb.* 

/.  Represents  the  nearest  approach  to  sizes  of  a  set  graded 
as  follows :—!'',  J"j  \",  etc.  (see  p.  406). 

h.  Shows  screens  which  have  been  used  by  Richards  as  de- 
scribed by  Hutchinson.^ 

p.  Represents  sizes  corresponding  most  nearly  to  the  punched 
screens,  given  in  Table  II. 

5.  Represents  the  screens  used  by  Brunton.® 

U  Represents  all  sizes  shown  in  Table  I. 

r.  Shows  Rittinger  screens,  elsewhere  advised.^ 

In  the  column  representing  the  screen  numbers,  when  the 
sign  of  inches  (")  is  expressed,  the  number  is  understood  to 
imply  "  inches  to  the  mesh."  When  no  sign  of  inches  is  shown, 
the  number  signifies  the  number  of  "  meshes  to  the  inch." 
Thus,  a  f "  screen  is  also  a  1^  mesh  screen.  Mesh-dimensions, 
in  all  cases,  are  represented  as  distances  between  wire-centers. 
The  working  size  of  screens,  or  the  opening,  or  aperture,  is 
the  clear  "  space  "  between  wires. 


«  Trani,,  xxviii.,  484.  ^  Trans.,  xxxv.,  258. 

•  School  of  Minea  Qu/irterly,  vol.  ii.,  p.  216. 


«  Tran9.y  xxv.,  832. 
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Tablb  m. — Sizes  of  Wire  Screens  (usually  iron  or  steel)  of  the 
Worcester  ( Washburn  ^  Moen)  {Roebling)  Standard, 


Wire. 

Space. 

j 

, 

Wire. 

Space. 

i 

*9 

11 

1 

s| 

S' 
< 

|| 

3I 

]| 

^* 

ftS 

HH 

S| 

S 

11 

55 

a 

S| 

s 

-^3" 

0 

0.807 

2.69 

68.8 

2H 

0.120 

0.280 

7.11 

8" 

00 

0.881 

2.67 

67.8 

r 

^pf 

10 

0.185 

0.265 

6.73 

^"// 

000 

0.862 

2.64 

67.1 

t 

2ife 

9 

0.148 

0.252 

6.40 

1 

0.288 

2.22 

56.4 

2II 

8 

0.162 

0.238 

6.05 

2>fc" 

0 

0.807 

2.19 

66.6 

8 

20 

0.035 

0.298 

7.57 

274" 

00 

0.381 

2.17 

55.1 

f 

8 

19 

0.041 

0.292 

7.42 

2ja' 

0 

0.807 

1.82 

46.2 

rt 

8 

18 

0.047 

0.286 

7.26 

iv2" 

8 

0.244 

1.26 

82.0 

t 

8 

17 

0.054 

0.279 

7.09 

Ijfc't 

2 

0.268 

1.24 

81.5 

r 

8 

16 

0.063 

0.270 

6.66 

IJfc" 

1 

0.288 

1.22 

81.0 

8 

15 

0.072 

0.261 

6.68 

Its" 

4 

0.225 

0.900 

22.9 

rtf 

3 

14 

0.060 

0.263 

6.43 

f 

w 

7 

0.177 

0.685 

16.1 

r 

8 

18 

0.092 

0.242 

6.15 

15 

0.0T2 

0.928 

28.6 

8 

12 

0.105 

0.228 

5.79 

1" 

14 

0.060 

0.920 

28.4 

11 

0.120 

0.218 

5.41 

1" 

18 

0.092 

0.908 

28.1 

10 

0.185 

0.196 

5.08 

8 

1" 

12 

0.105 

0.895 

22.7 

8^ 

21 

0.082 

0.263 

6.48 

1" 

11 

0.120 

0.880 

22.8 

20 

0.086 

0.250 

6.35 

1" 

10 

0.185 

0.865 

22.0 

8^4 

19 

0.041 

0.244 

6.20 

1" 

9 

0.148 

0.852 

21.6 

zy  '> 

18 

0.047 

0.238 

6.05 

^  1" 

8 

0.162 

0.888 

21.8 

sli ' 

17 

0.054 

0.231 

5.87 

•S  1" 
a  1'/ 

7 

0.177 

0.828 

20.9 

s% 

16 

0.068 

0.222 

6.64 

t 

6 

0.192 

0.806 

20.5 

8H 

15 

0.072 

0.213 

5.41 

5 

0.207 

0.798 

20.1 

8Vj 

14 

0.060 

0.206 

5.21 

r 

2  1" 

4 

0.225 

0.775 

19.7 

8% 

18 

0.092 

0.193 

4.90 

5  r' 

8 

0.244 

0.756 

19.2 

8 

8>| 

12 

0.105 

0.180 

4.57 

2  p;; 

16 

0.068 

0.687 

17.4 

zVb 

11 

0.120 

0.165 

4.19 

15 

0.072 

0.678 

17.2 

4 

22 

0.028 

0.222 

5.64 

14 

0.080 

0.670 

17.0 

4 

21 

0.082 

0.218 

5.54 

18 

0.092 

0.658 

16.7 

4 

20 

0.036 

0.215 

5.46 

a  C?" 

12 

0.105 

0.645 

16.4 

4 

19 

0.041 

0.209 

5.81 

1 

11 

0.120 

0.680 

16.01 

t 

4 

18 

0.047 

0.208 

5.16 

10 

0.185 

0.615 

15.6 1 

jd     4 

17 

9.064 

0.196 

4.98 

9 

0.148 

0.602 

15.8 

it 

16 

0.063 

0.187 

4.75 

8 

0.162 

0.688 

14.9 

15 

0.072 

0.178 

4.52 

7 

0.177 

0.578 

14.5 

1  i 

14 

0.060 

0.170 

4.32 

6 

0.192 

0.558 

14.2 

18 

0.092 

0.158 

4.01 

t 

5 

0.207 

0.548 

18.8 

s  * 

12 

0.106 

0.145 

8.68 

8 

4 

0.225 

0.525 

13.8 

8    L 

JO      *?1 

11 

0.120 

0.130 

3.30 

tZff 

17 

0.054 

0.571 

14.5 

20 

0.066 

0.187 

4.75 

BZft 

16 

0.068 

0.562 

14.3 

1  41 

19 

0.041 

0.181 

4.60 

^" 

15 

0.072 

0.558 

14.0 

1    4g 

18 

0.047 

0.175 

4.46 

7»" 

14 

0.U60 

0.546 

13.8 

17 

0.064 

0.168 

4.27 

Tfi" 

18 

0.092 

0.588 

18.5 

4Xt 

16 

0.063 

0.159 

4.04 

SZff 

12 

0.105 

0.520 

18.2 

4i| 

15 

0.072 

0.150 

8.81 

r 

%" 

11 

0.120 

0.606 

12.8 

f 

4!^ 

14 

0.060 

0.142 

8.61 

tI" 

10 

0.185 

0.490 

12.4 

4jZ 

IS 

0.092 

0.180 

3.30 

R?// 

9 

0.148 

0.477 

12.1 

4\2 

12 

0.105 

0.117 

2.97 

5^" 

8 

0.162 

0.468 

11.8 

r 

5 

23 

0.025 

0.175 

4.44 

y»" 

7 

0.177 

0.448 

11.4 

t 

5 

22 

0.028 

0.172 

4.37 

tI" 

6 

0.192 

0.488 

11.0 

5 

21 

0.082 

0.168 

4.27 

^"^VB 

5 

0.207 

0.418 

10.6 

5 

20 

0.035 

0.165 

4.19 

^2 

18 

0.047 

0.458 

11.5 

5 

19 

0.041 

0.159 

4.04 

2 

17 

0.054 

0.446 

11.3 

1 

5 

18 

0.047 

0.153 

8.89 

2 

16 

0.068 

0.487 

11.1 

5 

17 

0.054 

0.146 

3.71 

2 

15 

0.072 

0.428 

10.9 

5 

16 

0.068 

0.187 

8.48 

2 

14 

0.080 

0.420 

10.7 

•     5 

15 

0.072 

0.128 

8.25 

jd  2 

13 

0.092 

0.406 

10.4 

5 

14 

0.080 

0.120 

8.05 

2  2 
•S  2 

12 

0.105 

0.395 

10.0 

5 

18 

0.092 

0.108 

2.74 

8 

11 

0.120 

0.380 

9.65 

6 

24 

0.023 

0.144 

3.66 

li 

10 

0.185 

0.365 

9.27 

6 

23 

0.025 

0.142 

8.61 

9 

0.148 

0.352 

8.94 

6 

22 

0.028 

0.189 

8.53 

S  2 

8 

0.162 

0.388 

8.59 

8 

6 

21 

0.032 

0.135 

3.43 

3  2 

7 

0.177 

0.323 

8.20 

6 

20 

0.035 

0.132 

8.85 

6 

0.192 

0.308 

7.82 

6 

19 

0.041 

0.126 

3.20 

f 

S  2^ 

19 

0.041 

0.368 

9.12 

6 

18 

0.047 

0.120 

3.05 

S  2^ 

18 

0.047 

0.353 

8.97 

6 

17 

0.054 

0.113 

2.87 

17 

0.a54 

0.846 

8.79 

6 

16 

0.063 

0.104 

2.64 

r 

2% 

16 

0.063 

0.337 

8.56 

6 

16 

0.072 

0.095 

2.40 

2I2 

15 

0.072 

0.328 

8.38 

6 

14 

0.080 

0.087 

2.20 

6 

2>1 

14 

0.080 

0.320 

8.13 

t 

7 

26 

0.018 

0.125 

8.17 

276 

18 

0.092 

0.308 

7.82 

7 

25 

0.020 

0.123 

3.12 

2% 

12 

0.105 

0.295 

7.49 

r 

7 

24 

0.023 

0.120 

3.05 

/.  Nearest  approach  to  sizes  of  graded  set.  1",  W',  M". 
icreens,  Table  II.    s,  Brunton's  screens.    L  Sizes  in  Table  I, 
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Wire. 

Space. 

i 

Wire. 

Space, 

S' 

II 

i 

J.E 

^ 

55 

8 

J*i 

1 

i 

«« 
^ 

15 
5£ 

1-^ 
0.118 

i| 

& 

1 

< 

1 

as 
^1 

& 

23 

0.026 

8.00 

14 

20 

o.oa5 

0.066 

0.92 

8 

22 

0.028 

0.115 

2.92 

16 

35 

0.0095 

0.063 

1.35 

21 

0.082 

0.111 

2.82 

t 

16 

84 

0.010 

0.062 

1.33 

20 

0.035 

0.108 

2.74 

16 

83 

0.011 

0.051 

1.81 

19 

0.041 

0.102 

2.59 

16 

32 

0.013 

0.060 

1.26 

18 

0.047 

0.096 

2.44 

16 

81 

0.0135 

0.049 

1.24 

17 

0.054 

0.089 

2.26 

16 

30 

0.014 

0.048 

1.23 

16 

0.063 

0.080 

2.08 

16 

29 

0.016 

0.047 

1.21 

15 

0.072 

0.071 

1.80 

s 

16 

28 

0.016 

0.046 

1.18 

8 

27 

0.017 

0.108 

2.74 

16 

27 

0.017 

0.045 

1.16 

8 

26 

0.018 

0.107 

2.72 

16 

26 

0.018 

0.044 

1.13 

8 

25 

0.020 

0.105 

2.67 

16 

25 

0.020 

0.042 

1.08 

pr 

8 

24 

0.028 

0.102 

2.59 

16 

24 

0.023 

0.069 

1.00 

8 

28 

0.025 

0.100 

2.54 

16 

23 

0.025 

0.037 

0.95 

8 

22 

0.028 

0.097 

2.46 

16 

22 

0.028 

0.084 

0.88 

8 

8 

21 

0.032 

0.093 

2.36 

16 

21 

0.082 

0.060 

0.77 

8 

20 

0.035 

0.090 

2.29 

18 

36 

0.009 

0.047 

1.18 

8 

19 

0.041 

0.084 

2.13 

18 

35 

0.0095 

0.046 

1.17 

8 

18 

0.047 

0.078 

1.98 

r 

18 

34 

0.010 

0.045 

1.16 

8 

17 

0.054 

0.071 

1.80 

18 

33 

0.011 

0.014 

1.13 

8 

16 

0.063 

0.062 

1.57 

8 

18 

32 

0.013 

0.048 

1.08 

28 

0.016 

0.096 

2.42 

18 

31 

0.0135 

0.042 

1.07 

27 

0.017 

0.094 

2.39 

18 

30 

0.014 

0.011 

1.05 

26 

0.018 

0.093 

2.36 

18 

29 

0.015 

0.040 

1.03 

25 

0.020 

0.091 

2.81 

18 

28 

0.016 

0.069 

1.00 

t 

24 

0.023 

0.088 

2.24 

18 

27 

0.017 

0.068 

0.98 

28 

0.025 

0.086 

2.19 

18 

26 

0.018 

0.087 

0.95 

22 

0.028 

0.083 

2.11 

18 

25 

0.020 

0.085 

0.90 

P 

21 

0.032 

0.079 

2.01 

t 

18 

24 

0.028 

0.082 

0.82 

20 

0.085 

0.076 

1.93 

18 

23 

0.025 

0.060 

0.77 

8 

19 

0.041 

0.070 

1.78 

18 

22 

0.028 

0.027 

0.69 

A   d 

18 

0.047 

0.064 

1.63 

ijB  20 

35 

0.0093 

0.041 

1.06 

liS 

17 

0.054 

0.057 

1.45 

B 

g  20 
•S  20 

34 

0.010 

0.040 

1.02 

29 

0.015 

0.085 

2.17 

33 

0.011 

0.039 

0.99 

IS 

28 

0.016 

0.084 

2.13 

«  20 
S  20 

32 

0.018 

0.038 

0.94 

27 

0.017 

0.083 

2.11 

31 

0.0135 

0.067 

0.98 

2  10 

26 

0.018 

0.062 

2.08 

2  20 

30 

0.014 

0.066 

0.91 

1  10 
1  10 

25 

0.020 

0.080 

2.03 

t  20 
1  20 
?  20 

29 

0.015 

0.065 

0.89 

24 

0.023 

0.077 

1.96 

28 

0.016 

0.084 

0.86 

28 

0.025 

0.075 

1.90 

27 

0.017 

0.063 

0.84 

S  10 

22 

0.028 

0.072 

1.83 

\^  20 

26 

0.018 

0.062 

0.81 

10 

21 

0.082 

0.068 

1.73 

20 

25 

0.020 

0.060 

0.76 

P 

10 

20 

0.085 

0.065 

1.65 

20 

24 

0.023 

0.027 

0.69 

a 

10 

19 

0.041 

0.059 

1.50 

20 

23 

0.025 

0.025 

0.68 

10 

18 

0.047 

0.053 

1.35 

8 

22 

a5 

0.0095 

0.038 

0.96 

10 

17 

0.054 

0.046 

1.17 

22 

34 

0.010 

0.087 

0.94 

12 

30 

0.014 

0.069 

1.75 

22 

33 

0.011 

0.036 

0.92 

12 

29 

0.015 

0.068 

1.73 

22 

32 

0.013 

0.036 

0.87 

12 

28 

0.016 

0.067 

1.70 

22 

31 

0.0185 

0.064 

0.86 

12 

27 

0.017 

0.066 

1.68 

22 

30 

0.014 

0.063 

0.84 

12 

26 

0.018 

0.065 

1.65 

22 

29 

0.015 

0.082 

0.82 

12 

25 

0.020 

0.068 

1.60 

f 

22 

28 

0.016 

0.081 

0.79 

f 

12 

24 

0.023 

0.060 

1.52 

22 

27 

0.017 

0.030 

0.77 

12 

23 

0.025 

0.068 

1.47 

P 

22 

26 

0.018 

0.029 

0.74 

12 

22 

0.028 

0.055 

1.40 

It 

22 

25 

0.020 

0.027 

0.69 

12 

21 

0.032 

0.061 

1.30 

.     22 

24 

0.028 

0.024 

0.61 

8 

12 

20 

0.035 

0.048 

1.22 

24 

36 

0.009 

0.088 

0.83 

12 

19 

0.041 

0.042 

1.07 

8     • 

24 

35 

0.0095 

0.062 

0.82 

14 

34 

0.010 

0.061 

1.56 

24 

34 

0.010 

0.031 

0.80 

U 

83 

0.011 

0.060 

1.53 

24 

33 

0.011 

0.030 

0.78 

14 

32 

0.013 

0.059 

1.48 

24 

32 

0.013 

0.029 

0.78 

14 

81 

0.0185 

0.058 

1.47 

24 

31 

0.0185 

0.028 

0.71 

14 

30 

0.014 

0.057 

1.46 

24 

30 

0.014 

0.027 

0.70 

t 

14 

29 

0.015 

0.066 

1.43 

24 

29 

0.015 

0.026 

0.68 

P 

14 

28 

0.016 

0.055 

1.41 

24 

28 

0.016 

0.025 

0.65 

r 

14 

27 

0.017 

0.a54 

1.88 

24 

27 

0.017 

0.024 

0.62 

14 

26 

0.018 

O.CftS 

1.36 

24 

26 

0.018 

0.023 

0.60 

8 

14 

25 

0.020 

o.a5i 

1.31 

24 

25 

0.020 

0.022 

0.55 

14 

24 

0.028 

0.048 

1.28 

P 

26 

36 

0.009 

0.080 

0.75 

14 

23 

0.025 

0.046 

1.18 

1      26 

35 

0.0095 

0.029 

0.78 

14 

22 

0.028 

0.043 

1.10 

26 

34 

0.010 

0.028 

0.72 

14 

21 

0.032 

0.039 

1.00 

,      26 

33 

0.011 

0.027 

0.70 

/.  Nearest  approach  to  sizes  of  graded  set.  1",  W' 
screens,  Table  il.    «.  BrantOD's  screens.    L  Sizes  in  Table  t 
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Table  ILL — Concluded. 


Wire. 

Si>ace. 

1 

i 

1 

Wire. 

Sp«ice. 

1 

S 
^ 

^ 

1 

Ig 

u 

1 

0.0115 

Ig 

: 
i 

28 

82 

0.013 

0.026 

0.64 

50 

87 

0.0085 

0.29 

26 

81 

0.0135 

0,025 

0.68 

50 

86 

0.009 

0.011 

0.28 

26 

80 

0.014 

0.024 

0.62 

p 

50 

85 

0.0095 

0.0105 

0.27 

8 

26 

29 

0.015 

0.023 

0.59 

50 

84 

0.010 

0.010 

0.25 

It 

26 

28 

0.016 

0.022 

0.57 

50 

88 

0.011 

0.009 

0.28 

26 

27 

0.017 

0.021 

0.54 

50 

82 

0.018 

0.007 

0.18 

26 

26 

0.018 

0.020 

0.52 

55 

88 

0.008 

0.010 

0.25 

28 

86 

0.009 

0.027 

0.68 

55 

87 

0.0065 

0.0095 

0.24 

28 

85 

0.0095 

0.026 

0.67 

55 

86 

0.009 

0.009 

0.28 

28 

84 

0.010 

0.025 

0.65 

55 

85 

0.0095 

0.0085 

0.22 

28 

88 

0.011 

0.024 

0.63 

55 

84 

0.010 

0.008 

0.20 

28 

32 

0.013 

0.023 

0.58 

60 

89 

0.0075 

0.009 

0.23 

28 

31 

0.0185 

0.022 

0.56 

60 

88 

0.008 

0.0086 

0.22 

28 

80 

0.014 

0.021 

0.55 

60 

87 

0.0085 

0.008 

0.20 

f 

28 

29 

0.015 

0.020 

0.53 

60 

86 

0.009 

0.0075 

0.19 

28 

28 

0.016 

0.019 

0.60 

60 

35 

0.0095 

0.007 

0.18 

W 

85 

0.0095 

0.024 

0.60 

64 

40 

0.007 

0.0085 

0.22 

80 

34 

0.010 

0.023 

0.59 

64 

89 

0.0075 

0.008 

0.20 

ji  80 

33 

0.011 

0.022 

0.57 

P 

J3  64 

88 

0.008 

0.0075 

0.19 

g  30 
■9  90 

32 

0.013 

0.021 

0.52 

g  64 

5  64 

37 

0.0085 

0.007 

0.18 

81 

0.013.5 

0.020 

0.50 

Pt 

86 

0.009 

0.0065 

0.17 

2  80 
5  80 

30 

0.014 

0.019 

0.49 

2  70 
5  70 

40 

0.007 

0.007 

0.18 

29 

0.015 

0.018 

0.46 

89 

0.0075 

0.0065 

0.17 

t 

2  80 

28 

0.016 

0.017 

0.44 

8 

3  70 

88 

0.008 

0.006 

0.15 

r 

.80 

27 

0.017 

0.016 

0.41 

a  70 

jg  70 

87 

0.0085 

0.0065 

0.14 

11^ 

36 

0.009 

0.020 

0.50 

86 

0.009 

0.005 

0.18 

85 

0.0095 

0.019 

0.48 

a  74 

41 

0.0066 

0.007 

0.18 

S  35 

34 

0.010 

0.018 

0.47 

P 

a  74 

40 

0.0070 

0.0065 

0.17 

85 

88 

0.011 

0.017 

0.44 

74 

89 

0.0075 

0.006 

0.15 

85 

32 

O.OIS 

0.016 

0.89 

f 

74 

38 

0.0080 

0.0055 

0.14 

85 

31 

0.0185 

0.015 

0.88 

r 

74 

87 

0.0085 

0.005 

0.13 

85 

80 

0.014 

0.014 

0.37 

80 

42 

0.0062 

0.0065 

0.16 

85 

29 

0.015 

0.013 

0.34 

80 

41 

0.0066 

0.006 

0.15 

40 

37 

0.00B5 

0.0165 

0.42 

P 

80 

40 

0.0070 

0.0055 

0.14 

40 

86 

0.009 

.   0.016 

0.41 

80 

89 

0.0075 

0.005 

0.13 

t 

40 

35 

0.0095 

O.Ol.'w 

0.89 

80 

88 

0.0080 

0.0045 

0.11 

40 

84 

0.010 

0.015 

0.88 

P 

80 

37 

0.0085 

0.004 

0.10 

40 

38 

0.011 

0.014 

0.86 

Pt 

90 

42 

0.0062 

0.006 

0.12 

40 

32 

0.013 

0.012 

0.30 

8 

90 

41 

0.0066 

0.0045 

0.11 

40 

31 

0.01&5 

0.0115 

0.29 

90 

40 

0.0070 

0.004 

0.10 

f 

40 

30 

0.014 

0.011 

0.28 

90 

89 

0.0075 

0.0085 

0.09 

45 

37 

0.0085 

0.014 

0.85 

90 

88 

0.0080 

0.006 

0.08 

45 

86 

0.009 

0.013 

0.33 

100 

42 

0.0062 

O.OM 

0.10 

45 

85 

0.0095 

0.0125 

0.32 

100 

41 

0.0066 

0.0085 

0.09 

t 

45 

84 

0.010 

0.012 

0.30 

100 

40 

0.0070 

0.006 

0.08 

45 

83 

0.011 

0.011 

0.28 

.^100 

89 

0.0075 

0.0025 

0.06 

t 

45 

32 

0.013 

0.009 

0.23                ' 

/.  Nearest 

screens,  ~  * 


rest  approach  to  sizes  of  graded  set,  1",  W*,  W\  etc.    p.  Neares 
Table  II.    &  Bmntoii*s  screens,    t  Sizes  in  Table  I.    r.  Rlttlnger's 


Nearest  size  to  punched 
*  screens. 
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Table  IV. — Sizes  of  Wire  Screens  (usually  brass)  of  the  Old 
English  or  London  Gauge. 


wire. 

Space. 

J 

Wire. 

Space. 

1^ 
II 

si 

is 

8 

i 

4 

0 

8 

1-^ 

1 

1 

t-4 

1 

^8" 

0.840 

2.66 

67.6 

8 

20 

0.085 

0.298 

7.57 

8" 

00 

0.380 

2.62 

66.5 

r 

8 

19 

0.040 

0.298 

7.44 

3" 

000 

0.425 

2.57 

65.8 

t 

3 

18 

0.049 

0.284 

7.21 

2%" 

1 

0.800 

2.20 

50.8 

8 

17 

0.068 

0.276 

6.98 

276" 

0 

0.340 

2.16 

54.9 

8 

16 

0.066 

0.268 

6.81 

2U" 

00 

0.380 

2.12 

58.8 

f 

3 

15 

0.072 

0.261 

6.68 

27b" 

0 

0.840 

1.78 

45.2 

rt 

8 

14 

0.083 

0.250 

6.85 

f 

iW' 

3 

0.259 

1.24 

31.5 

rt 

8 

13 

0.095 

0.238 

6.05 

IW' 

2 

0.284 

1.22 

81.0 

r 

3 

12 

0.109 

0.224 

5.69 

lyi" 

1 

0.800 

1.20 

80.5 

8 

11 

0.120 

0.213 

5.41 

1'^ 

4 

0.288 

0.89 

22.8 

rt 

3 

10 

0.134 

0.199 

5.05 

16 

0.072 

0.938 

28.8 

f 

3^ 

20 

0.085 

0.250 

6.85 

V 

14 

0.083 

0.917 

28.8 

3% 

19 

0.040 

0.245 

6.22 

1" 

18 

0.095 

0.905 

23.0 

3V^ 

18 

0.049 

0.286 

5.99 

1" 

12 

0.109 

0.891 

22.6 

d 

Zyt 

17 

0.068 

0.227 

6.77 

1" 

11 

0.120 

0.880 

22.3 

3% 

16 

0.065 

0.220 

6.69 

t 

1" 

10 

0.134 

0.866 

22.0 

Syt 

15 

0.072 

0.213 

5.41 

1" 

9 

0.148 

0.H52 

21.6 

3% 

14 

0.083 

0.202 

6.13        r 

1" 

8 

0.166 

0.835 

21.2 

3% 

13 

0.095 

0.190 

4.88 

•  -^I' 

7 

0.180 

0.820 

20.8 

s\Z 

12 

0.109 

0.176 

4.47 

"S 1" 

6 

0.208 

0.797 

20.2 

3>& 

11 

0.120 

0.165 

4.19 

6 

0.220 

0.780 

19.8 

4 

21 

0.0815 

0.218 

5.54 

fl  1" 

4 

0.238 

0.762 

19.3 

4 

20 

0.085 

0.215 

5.46 

2  J'; 

3 

0.259 

0.741 

18.8 

4 

19 

0.040 

0.210 

5.88 

5 1^" 

16 

0.065 

0.685 

17.4 

4 

18 

0.049 

0.201 

6.11 

d 

5  p;: 

l|; 

15 

0.072 

0.678 

17.2 

4 

17 

O.a'W 

0.192 

4.88 

14 

0.083 

0.667 

16.9 

4 

16 

0.065 

0.185 

4.70 

18 

0.095 

0.655 

16.6 

d 

4 

15 

0.072 

0.178 

4.52 

12 

0.109 

0.641 

16.3 

.«  4 

14 

0.083 

0.167 

4.24 

a  ^" 

11 

0.120 

0.630 

16.0 

t 

at 

13 

0.095 

0.155 

3.94 

t 

54" 

10 

0.134 

0.616 

15.6 

12 

0.109 

0.141 

8.58 

9 

0.148 

0.602 

15.3 

J  4 

11 

0.120 

0.180 

3.30 

a?'/ 

8 

0.165 

0.585 

14.9 

2  4J4 

21 

0.0815 

0.191 

4.85 

7 

0.180 

0.570 

14.5 

3  4Vf 

20 

0.035 

0.187 

4.75 

6 

0.208 

0.547 

18.9 

|4g 

19 

0.040 

0.182 

4.62 

^" 

5 

0.220 

0.530 

18.5 

18 

0.049 

0.173 

4.39 

%" 

4 

0.288 

0.512 

18.0 

I  4S 

17 

0.058 

0.164 

4.17 

RZ// 

17 

0.058 

0.567 

14.4 

1  ^H 

16 

0.065 

0.157 

3.99 

16 

0.065 

0.560 

14.2 

4V2 

15 

0.072 

0.150 

3.81 

r 

16 

0.072 

0.558 

14.1 

4%Z 

14 

0.063 

0.139 

3.63 

14 

0.063 

0.542 

13.8 

4jZ 

13 

0.095 

0.127 

8.23 

7«" 

18 

0.095 

0.530 

18.5 

4Vi 

12 

0.109 

0.113 

2.87 

|; 

12 

0.109 

0.516 

18.1 

5  ' 

24 

0.025 

0.175 

4.44 

•     11 

0.120 

0.505 

12.8 

f 

5 

23 

0.027 

0.173 

4.39 

10 

0.134 

0.491 

12.5 

5 

22 

0.0295 

0.170 

4.32 

7b'' 

9 

0.148 

0.477 

12.1 

5 

21 

0.0315 

0.168 

4.27 

|; 

8 

0.165 

0.460 

11.7 

r 

5 

20 

0.035 

0.165 

4.19 

7 

0.180 

0.445 

11.8 

t 

5 

19 

0.040 

0.160 

4.06 

6 

0.203 

0.422 

10.7 

5 

18 

0.049 

0.151 

3.84 

7^" 

6 

0.220 

0.405 

10.3 

5 

17 

0.058 

0.142 

8.61 

^2 

18 

0.049 

0.451 

11.46 

5 

16 

0.065 

0.135 

3.43 

2 

17 

0.058 

0.442 

11.23 

5 

15 

0.072 

0.128 

3.25 

2 

16 

0.065 

0.43,'> 

11.05 

d 

5 

14 

0.083 

0.117 

2.97 

2 

15 

0.072 

0.428 

10.87 

5 

13 

0.095 

0.105 

2.67 

2 

14 

0.083 

0.417 

10.59 

6 

25 

0.023 

0.143 

8.68 

2 

13 

0.095 

0.405 

10.29 

6 

24 

0.025 

0.141 

8.68 

^  2 
§  2 

12 

0.109 

0.391 

9.93 

6 

23 

0.027 

0.139 

3.58 

11 

0.120 

0.380 

9.65 

6 

22 

0.0295 

0.137 

8.48 

7.  2 

10 

0.184 

0.866 

9.30 

6 

21 

0.0315 

0.135 

8.43 

S  2 

9 

0.148 

0.352 

8.94 

6 

20 

0.085 

o.m 

8.38 

?  2 

8 

0.165 

0.335 

8.51 

6 

19 

0.040 

0.126 

3.20 

2  2U 

19 

0.040 

0.360 

9.14 

6 

18 

0.049 

0.117 

2.97 

8  2>| 

m 

18 

0.049 

0.3.'^1 

8.92 

6 

17 

o.a-^ 

0.106 

2.74 

17 

0.058 

0.342 

8.69 

6 

16 

0.065 

0  101 

2.57 

r 

16 

0.065 

0.835 

8.51 

6 

15 

0.072 

0.094 

2.39 

S  2>l 

15 

0.072 

0.328 

8.33 

6 

14 

0.083 

0.088 

2.11 

2j| 

14 

0.083 

0.317 

8.05 

t 

26 

0.0205 

0.122 

3.10 

2%^ 

13 

0.095 

0.305 

7.75 

25 

0.023 

0.120 

8.06 

2% 

12 

0.109 

0.291 

7.39 

r 

24 

0.025 

0.118 

3.00 

i 

11 

0.120 

0.280 

7.11 

23 

0.027 

0.116 

2.96 

10 

0.134 

0.266 

6.76 

22 

0.0295 

0.113 

2.ff7 

9 

0.148 

0.2.52 

6.40 

1 

7 

21 

0.0315 

0.111 

2.82    1    t 

d.  de  Kalb  screens.  /.  Nearest  approach  to  sizes  of  graded  set,  1",  J^",  «",  etc.  h.  Rich- 
ards (Hutchinson)  screens,  p.  Nearest  size  to  punched  screens,  Table  II.  «.  Brunton's  screens 
t.  Sizes  in  Table  I.    r.  Rittinger's  screens. 
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Tablb  TV.—Qmtmued. 


I 


7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
6 

I 

9 

9 

9 

9 

9 

9 

9 

10 

ji  10 

§  10 

5  10 

5  10 
S  10 
a  10 

1 10 

S  10 
5  10 

10 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
16 
16 
16 


Wire. 

II 

4 

^1 

55 

0.085 

20 

19 

0.040 

18 

0.049 

17 

0.068 

16 

0.065 

15 

0.072 

27 

0.0187 

26 

0.0205 

25 

0.023 

24 

0.025 

23 

0.027 

22 

0.0295 

21 

0.0815 

20 

0.085 

19 

0.040 

18 

0.049 

17 

0.058 

16 

0.065 

28 

0.0165 

27 

0.0187 

26 

0.0205 

25 

0.023 

24 

0.025 

28 

0.027 

22 

0.0295 

21 

0.0815 

20 

0.085 

19 

0.040 

18 

0.049 

17 

0.058 

29 

0.0155 

28 

0.0165 

27 

0.0187 

26 

0.0205 

25 

0.023 

24 

0.025 

28 

0.027 

22 

0.0296 

21 

0.0815 

20 

0.085 

19 

0.040 

18 

0.049 

80 

0.0137 

29 

0.0156 

28 

0.0165 

27 

0.0187 

26 

0.0206 

25 

0.023 

24 

0.025 

28 

0.027 

22 

0.0295 

21 

0.0315 

20 

0.085 

19 

0.040 

84 

0.0095 

88 

0.0102 

82 

0.0112 

31 

0.0122 

80 

0.0137 

29 

0.0155 

'  28 

0.0165 

27 

0.0187 

26 

0.0205 

25 

0.0280 

24 

0.02S0 

28 

0.0270 

22 

0.0295 

21 

0.0815 

20 

0.0850 

85 

0.0090 

84 

0.0096 

33 

0.0102  1 

SiMuse. 


0.108 
0.108 
0.094 
0.085 
0.078 
0.071 
0.106 
0.104 
0.102 
0.100 
0.098 
0.095 
0.096 
0.090 
0.085 
0.076 
0.067 
0.060 
0.095 
0.092 
0.091 
0.088 
0.086 
0.084 
0.082 
0.080 
0.076 
0.071 
0.062 
0.053 
0.084 
0.083 
0.081 
0.079 
0.077 
0.075 
0.073 
0.070 
0.068 
0.065 
0.060 
0.051 
0.070 
0.068 
0.067 
0.065 
0.068 
0.060 
0.058 
0.066 
0.064 
0.062 
0.048 
0.043 
0.062 
0.061 
0.060 
0.059 
0.058 
0.056 
0.055 
0.058 
0.051 
0.048 
0.046 
0.044 
0.042 
0.040 
0.066 
0.053 
0.053 
0.061 


2.74 
2.62 
2.89 
2.16 
1.98 
1.80 
2.69 
2.64 
2.59 
2.54 
2.49 
2.41 
2.36 
2.29 
2.16 
1.98 
1.70 
1.52 
2.40 
2.35 
2.30 
2.24 
2.19 
2.14 
2.07 
2.02 
1.93 
1.81 
1.57 
1.35 
2.18 
2.11 
2.06 
2.00 
1.96 
1.90 
1.85 
1.78 
1.73 
1.65 
1.52 
1.29 
1.78 
1.78 
1.70 
1.65 
1.60 
1.52 
1.47 
1.42 
1.37 
1.32 
1.22 
1.09 
1.57 
1.55 
1.52 
1.50 
1.47 
1.42 
1.40 
1.35 
1.80 
1.22 
1.17 
1.12 
1.07 
1.02 
0.91 
1.86 
1.35 
1.30 


t 


1 

Wire. 

Space. 

si 

S5 

1 

0.050 

1 

16 

82 

0.0112 

1.27 

16 

31 

0.0122 

0.049 

1.25 

16 

80 

0.0137 

0.049 

1.24 

P 

16 

29 

0.0155 

0.047 

1.19 

16 

28 

0.0165 

0.O46 

1.17 

16 

27 

0.0187 

0.044 

1.12 

16 

26 

0.0205 

0.042 

1.07 

d 

16 

25 

0.0230 

0.039 

0.99 

rt 

16 

24 

0.0250 

0.087 

0.94 

16 

23 

0.0270 

0.085 

0.89 

16 

22 

0.0295 

0.063 

0.84 

16 

21 

0.0815 

0.081 

0.79 

18 

86 

0.0075 

0.048 

1.22 

18 

85 

0.0090 

0.046 

1.18 

18 

34 

0.0095 

0.(M6 

1.17 

18 

38 

0.0102 

0.045 

1.14 

18 

82 

0.0112 

0.044 

1.12 

18 

81 

0.0122 

0.043 

1.09 

18 

80 

0.0187 

0.042 

1.07 

p 

18 

29 

0.0155 

0.040 

1.04 

18 

28 

0.0165 

0.089 

0.99 

18 

27 

0.0187 

0.087 

0.84 

18 

26 

0.0205 

0.085 

0.89 

18 

25 

0.0230 

0.062 

0.81 

18 

24 

0.0250 

0.030 

0.76 

18 

23 

0.0270 

0.028 

0.71 

18 

22 

0.0295 

0.026 

0.66 

20 

86 

0.0075 

0.042 

1.07 

20 

35 

0.0090 

0.041 

1.04 

20 

34 

0.0095 

0.040 

1.02 

20 

38 

0.0102 

0.040 

1.01 

.d  20 

32 

0.0112 

0.039 

0.99 

§  20 

31 

0.0122 

0.088 

0.97 

■5  20 

80 

0.0137 

0.086 

0.91 

«  20 

29 

0.0155 

0.034 

0.86 

5  20 

28 

0.01&') 

0.033 

0.84 

d 

2  20 

27 

0.0187 

0.081 

0.79 

f 

lis 

S  20 

26 

0.02a5 

0.029 

0.74 

25 

0.0230 

0.027 

0.69 

24 

0.0250 

0.025 

0.63 

S  20 

23 

0.0270 

0.028 

0.58 

20 

22 

0.0295 

0.020 

0.51 

20 

21 

0.0615 

0.019 

0.48 

20 

20 

0.0850 

0.015 

0.88 

22 

36 

0.0075 

0.089 

1.01 

22 

35 

0.0090 

0.088 

0.97 

22 

34 

0.0095 

0.088 

0.95 

22 

33 

0.0102 

0.087 

0.94 

22 

82 

0.0112 

0.036 

0.91 

22 

31 

0.0122 

0.035 

0.89 

p 

22 

80 

0.0187 

0.088 

0.84 

22 

29 

0.0155 

0.082 

o.«o 

22 

28 

0.0165 

0.081 

0.78 

22 

27 

0.0187 

0.028 

0.71 

22 

26 

0.0205 

0.027 

0.69 

22 

25 

0.0280 

0.024 

0.61 

22 

24 

0.0250 

0.022 

0.56 

24 

86 

0.0075 

0.084 

0.86 

24 

35 

0.0090 

0.083 

0.83 

24 

84 

0.0095 

0.032 

0.81 

24 

33 

0.0102 

0.080 

0.76 

24 

82 

0.0112 

0.029 

0.74 

p 

24 

81 

0.0122 

0.02H 

0.72 

24 

80 

0.0137 

0.028 

0.71 

td 

24 

29 

0.0155 

0.026 

0.66 

24 

28 

0.0165 

0.025 

0.63 

r 

24 

27 

0.0187 

0.028 

0.58 

24 

26 

0.0205 

0.021 

0.58 

24 

25 

0.0280 

0.019 

0.48 

26 

36 

0.0075 

0.081 

0.79 

26 

35 

0.0090 

0.029 

0.75 

26 

84 

0.0095 

0.029 

0.74 

.^'P^,^^^^  screens.  /.  Nearest  approach  to  sixes  of  graded  set.  1"*  W',  \i'\  etc.  h.  Richards 
(Hutchinson)  screens,  p.  Nearest  size  to  punched  screens,  Table  II.  «.  Brunton's  screens. 
i.  Sixes  in  Table  I.    r.  Rittinger's  screens. 
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Table  IV. — Concluded. 


Wire. 

Space. 

1 

i 

Wire. 

Space. 

i 

4 

Diameter 
in  Inches. 

1 

a 

if 

Diameter 
in  Inches. 

•g 

B 

§1 

i 

26 

83 

0.0102 

0.028 

0.71 

74 

40    1  0.0045 

0.009 

0.-23 

26 

82 

0.0112 

0.027 

0.69 

p 

74 

89    1  0.0050 

0.008 

0.22 

26 

31 

0.0122 

0.026 

0.66 

74 

88    !  0.0057 

0.008 

0.20 

26 

80 

0.0187 

0.025 

0.63 

74 

37       0.0065 

0.007 

0.18 

26 

29 

0.0155 

0.028 

0.58 

80 

41       0.0042 

0.008 

0.21 

26 

28 

0.0165 

0.022 

0.56 

80 

40       0.0046 

0.008 

0.20 

26 

27 

0.0187 

0.020 

0.51 

80 

39       0.0050 

0.007 

0.19 

26 

26 

0.0205 

0.018 

0.46 

80 

88    1  0.0067 

0.007 

0.17 

tsd 

28 

86 

0.0075 

0.028 

0.71 

80 

87       0.0065 

0.0060 

0.15 

28 

35 

0.0090 

0.028 

0.70 

90 

■n 

0.0042 

0.0068 

0.17 

28 

84 

0.0095 

0.026 

0.66 

90 

.[,, 

0.0045 

0.0066 

0.16 

h 

28 

33 

0.0102 

0.025 

0.63 

90 

\-,'_t 

0.0050 

0.0061 

0.15 

d 

28 

32 

0.0112 

0.024 

0.61 

p 

90 

i>- 

0.0057 

0.0054 

0.13 

t 

28 

31 

0.0122 

0.023 

0.58 

90 

0.0065 

0.0046 

0.12 

28 

30 

0.0187 

0.022 

0.56 

100 

■\'i 

0.0036 

0.0064 

0.163 

28 

29 

0.0155 

0.020 

0.51 

100 

LJ 

0.0040 

0.0060 

0.152 

28 

28 

0.0165 

0.019 

0.48 

100 

n 

0.0042 

0.0057 

0.146 

30 

86 

0.0075 

0.026 

0.65 

100 

^n 

0.0045 

o.oais 

0.140 

da 

80 

35 

0.0090 

0.024 

0.61 

100 

:-1l' 

0.0050 

0.0050 

0.127 

30 

34 

0.0095 

0.024 

0.60 

100 

il^ 

0.0067 

0.0042 

0.108 

80 

33 

0.0102 

0.028 

0.58 

110 

J -J 

0.0040 

0.0(^ 

0.150 

80 

32 

0.0112 

0.022 

0.56 

S 

110 

■11 

0.0042 

0.0046 

0.118 

h 

80 

31 

0.0122 

0.021 

0.53 

120 

44 

0.0082 

0.0051 

0.130 

30 

30 

0.0187 

0.020 

0.60 

tp 

120 

J:5 

0.0086 

0.0047 

0.120 

80 

29 

0.0155 

0.018 

0.46 

120 

■i> 

0.0040 

0.0048 

0.109 

da 

30 

28 

0.0165 

0.017 

0.48 

130 

11 

0.0082 

0.0046 

0.114 

85 

36 

0.0075 

0.021 

0.58 

190 

ni 

0.0086 

0.0041 

0.104 

85 

35 

0.0090 

0.019 

0.50 

140 

-1.^ 

0.0028 

0.0043 

o.uo 

35 

34 

0.0095 

0.019 

0.48 

140 

n 

0.0032 

0.0089 

0.100 

f 

35 

38 

0.0102 

0.018 

0.46 

p 

150 

iu 

0.0024 

0.0042 

0.107 

85 

32 

0.0112 

0.017 

0.43 

160 

r* 

0.0028 

0.0088 

0.097 

«•  ^ 

31 

0.0122 

0.016 

0.41 

rp 

•  150 

u^ 

0.0080 

0.0036 

0.091 

d 

•§  85 

30 

0.0137 

0.014 

0.35 

•g  150 

i'\ 

0.0032 

0.0084 

0.086 

t 

B  85 

29 

0.0L55 

0.018 

0.38 

B  150 

IH 

0.0036 

0.0090 

0.076 

fl,  40 

36 

0.0075 

0.017 

0.44 

»  160 

I'i 

0.0040 

0.0026 

0.066 

5  40 

85 

0.0090 

0.016 

0.41 

5  160 

4--^ 

0.0026 

0.0036 

0.091 

Q  40 
«  40 

34 

0.0095 

0.015 

0.39 

Fdh 

p  160 
-  160 

|.% 

0.0028 

0.0084 

0.086 

38 

0.0102 

0.015 

0.87 

Mi^ 

0.0030 

0.0032 

0.081 

S  ^ 

82 

0.0U2 

0.014 

0.85 

t 

8  160 

,n 

0.0032 

0.0080 

0.076 

•S  40 
1  40 

53  45 

81 

0.0122 

0.013 

0.82 

•S  160 
1  160 
55  170 

ij^ 

0.0036 

0.0026 

0.066 

t 

30 

0.0137 

0.011 

0.28 

4  J 

0.0040 

0.0022 

0.056 

36 

0.0075 

0.015 

0.87 

\r^^ 

0.0026 

0.0038 

0.084 

45 

85 

0.0090 

0.013 

0.38 

170 

r^ 

0.0028 

0.0081 

0.079 

45 

34 

0.0095 

0.013 

0.32 

170 

uV^ 

0.0080 

0.0029 

0.074 

45 

33 

0.0102 

0.012 

0.30 

170 

■i\ 

0.0032 

0.0027 

0.069 

45 

32 

0.0112 

0.011 

0.28 

170 

\-'r 

0.0036 

0.0028 

0.058 

45 

81 

0.0122 

0.010 

0.25 

170 

i- 

0.0040 

0.0019 

0.048 

50 

88 

0.0057 

0.014 

0.86 

180 

Jj.Vi 

0.0022 

0.0033 

0.084 

60 

37 

0.0065 

0.013 

0.34 

p 

180 

hi 

0.0024 

0.0031 

0.079 

50 

36 

0.0075 

0.012 

0.32 

180 

1' V^,  0.0026 

0.0029 

0.074 

h 

50 

35 

0.0090 

0.011 

0.28 

8d 

180 

J"- 

0.0028 

0.0027 

0.069 

50 

34 

0.0095 

0.010 

0.27 

rh 

180 

11^ 

0.0030 

0.0025 

0.063 

55 

38 

0.0a57 

0.012 

0.31 

180 

\\ 

0.0032 

0.0023 

0.068 

55 

37 

0.006.') 

0.012 

0.30 

180 

■i-h 

0.0036 

0.0019 

0.048 

t 

55 

36 

0.0075 

0.011 

0.27 

180 

IL^ 

O.OtMO 

0.0015 

0.038 

55 

35 

0.0090 

0.009 

0.23 

t 

190 

■17 

0.0020 

0.0082 

0.081 

55 

34 

0.0095 

0.009 

0.22 

190 

KV^ 

0.0022 

0.0080 

0.076 

60 

38 

0.0057 

0.011 

0.28 

190 

|i'. 

0.0024 

0.0028 

0.071 

60 

37 

0.006.5 

0.010 

0.26 

190 

I"'^ 

0.0026 

0.0026 

0.066 

60 

36 

0.0075 

0.009 

0.-28 

d 

190 

\  '■ 

0.0028 

0.0024 

0.061 

60 

35 

0.0090 

0.008 

0.19 

f 

190 

wV^ 

0.0030 

0.0022 

0.066 

60 

34 

0.0095 

0.007 

0.18 

8 

190 

■\  i 

0.0032 

0.0020 

o.tei 

61 

39 

o.oa% 

0.011 

0.27 

190 

Jr 

0.0080 

0.0016 

0.041 

64 

38 

0.0057 

0.010 

0.25 

190 

1    ' 

0.0040 

0.0012 

0.080 

t 

64 

37 

0.0065 

0.009 

0.23 

200 

\T 

0.0020 

0.0030 

0.076 

64 

36 

0.0075 

0.008 

0.21 

200 

i.-.v^ 

0.0022 

0.0028 

0.071 

64 

35 

0.0090 

0.007 

0.17 

200 

M.' 

0.0024 

0.0026 

0.066 

70 

40 

0.0M5 

0.010 

0.25 

200 

1   -^ 

0.0026 

0.0024 

0.061 

70 

39 

0.0050 

0.009 

0.23 

200 

1  '. 

0.0028 

0.0022 

0.056 

70 

38 

0.0057 

0.008 

0.21 

r 

200 

\'-% 

0.0030 

0.0020 

0.061 

f 

70 

37 

0.0065 

0.008 

0.20 

d 

200 

0.0032 

0.0018 

0.046 

70 

36 

0.0075 

0.007 

0.17 

1 

200 

\" 

0.0036 

0.0014 

0036 

74 

41 

0.0012 

0.009 

0.24 

1 

^^200 

'..• 

0.0040 

0.0010 

0.025 

t 

d.  De  Kalb  screens.  /.  Nearest  approach  to  sizes  of  graded  set.  1".  K".  }4",  etc.   h.  Richards 
(Hutchinson^  screens,    p.  Nearest  size  to  punched  screens,  Table  If.    $.  Brunton's  screens. 


i.  Sizes  in  Table  I.    r.  Bittinger's  screens. 
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Table  V. — Sizes  of  Wire  Screens  (mostly  of  brass  in  the  coarse 
sizes)  of  the  Birmingham  (or  Stub's)  Gauge. 


Wire. 

Space. 

j 

1 

Wire. 

Syace. 

1 

00 

II 

55 

1 
1 

3| 

3m 
B5 

1 

! 

^"^8" 

0 

0.840 

2.66 

67.6 

3 

20 

0.085 

0.298 

7.57 

8" 

00 

0.880 

2.62 

66.5 

r 

3 

.19 

0.042 

0.291 

7.89 

8" 

000 

0.425 

2.57 

65.8 

t 

8 

18 

0.049 

0.284 

7.21 

2W' 

1 

0.800 

2.20 

55.9 

3 

17 

0.058 

0.275 

6.96 

2W' 

0 

0.840 

2.16 

54.9 

8 

16 

0.065 

0.268 

6.81 

2Jfc" 

00 

0.880 

2.12 

58.8 

f 

3 

15 

0.072 

0.261 

6.68 

2Vi" 

0 

0.840 

1.78 

45.2 

rt 

8 

14 

0.068 

0.250 

6.85 

iW" 

8 

0.259 

1.24 

81.5 

t 

3 

18 

0.095 

0.238 

6.05 

1V2" 

2 

0.284 

1.22 

81.0 

r 

8 

12 

0.109 

0.224 

5.69 

IW* 

1 

0.800 

1.12 

28.4 

8 

11 

0.120 

0.213 

5.41 

IH" 

4 

0.238 

0.887 

22.5 

rt 

3 

10 

0.184 

0.199 

6.06 

1" 

15 

0.072 

0.988 

28.8 

f 

3K 

20 

0.085 

0.280 

6.86 

1" 

14 

0.088 

0.917 

28.8 

Z}i 

19 

0.042 

0.243 

6.17 

1" 

18 

0.095 

0.905 

23.0 

3l| 

18 

0.049 

0.286 

5.99 

1" 

12 

0.109 

0.891 

22.6 

3>| 

17 

0.058 

0.227 

6.77 

1" 

U 

0.120 

0.880 

22.8 

3j| 

16 

0.065 

0.220 

6.59 

t 

1" 

10 

0.134 

0.866 

22.0 

8V2 

15 

0.072 

0.218 

6.41 

•  ^/I 

9 

0.148 

0.852 

21.6 

S% 

14 

0.088 

0.-202 

6.18 

r 

1 1" 

8 

0.165 

0.835 

21.2 

sQ 

18 

0.095 

0.190 

4.88 

7 

0.180 

0.820 

20.8 

m 

12 

0.109 

0.176 

4.48 

S  1" 

6 

0.203 

0.797 

20.2 

9)4 

11 

0.120 

0.166 

4.19 

2  1" 

6 

0.220 

0.780 

19.8 

j 

21 

0.082 

0.218 

6.54 

5  1 

4 

0.288 

0.762 

19.8 

, 

20 

0.035 

0.216 

6.46 

2 1;'„ 

3 

0.259 

0.741 

18.8 

• 

19 

0.042 

0.208 

5.28 

1  ^" 

axff 

16 

0.065 

0.685 

17.4 

18 

0.049 

0.201 

5.11 

15 

0.072 

0.678 

17.2 

^ 

17 

0.058 

0.192 

4.88 

14 

0.088 

0.667 

16.9 

16 

0.065 

0.185 

4.70 

18 

0.095 

0.655 

16.6 

15 

0.072 

0.178 

4.62 

12 

0.109 

0.641 

16.8 

14 

0.063 

0.167 

4.24 

11 

0.120 

0.630 

16.0 

t 

13 

0.095 

0.155 

8.94 

10 

0.184 

0.616 

15.6 

it 

12 

0.109 

0.141 

8.68 

9 

0.148 

0.602 

15.8 

11 

0.120 

0.180 

8.29 

8 

0.1&5 

0.585 

14.9 

■  5  4K 

21 

0.082 

0.190 

4.83 

7 

O.lfcO 

0.570 

14.5 

2  ^H 

20 

0.086 

0.187 

4.75 

6 

0.203 

0.547 

18.9 

-  4i2 

19 

0.042 

0.180 

4.57 

5 

0.220 

0.580 

18.5 

O  42 

18 

0.049 

0.178 

4.89 

li" 

4 

0.238 

0.612 

18.0 

lis  4^ 

17 

0.058 

0.164 

4.17 

5«" 

17 

0.058 

0.567 

14.4 

16 

0.065 

0.157 

8.99 

t 

7^" 

16 

0.065 

0.560 

14.2 

;l| 

15 

0.072 

0.150 

3.81 

r 

7b" 

15 

0.072 

0.558 

14.0 

14 

0.088 

0.189 

8.58 

7»" 

14 

0.088 

0.542 

18.8 

18 

0.095 

0.127 

8.23 

7«" 

18 

0.095 

0.580 

13.5 

4>i 

12 

0.109 

0.113 

2.84 

7b" 

12 

0.109 

0.516 

18.1 

5' 

24 

0.022 

0.178 

4.62 

^'' 

11 

0.120 

0.505 

12.8 

f 

5 

28 

0.025 

0.175 

4.44 

10 

0.134 

0.491 

18.5 

5 

22 

0.028 

0.172 

4.37 

%" 

9 

0.148 

0.477 

12.1 

5 

21 

0.032 

0.168 

4.27 

tI" 

8 

0.165 

0.460 

11.7 

r 

5 

20 

0.035 

0.165 

4.19 

Z^" 

7 

0.180 

0.446 

11.3 

t 

5 

19 

0.042 

0.158 

4.01 

Tb" 

6 

0.208 

0.422 

10.7 

5 

18 

0.049 

0.151 

8.84 

w^" 

5 

0.220 

0.405 

10.8 

5 

17 

0.058 

0.142 

3.61 

•^^2 

18 

0.049 

0.451 

11.5 

5 

16 

0.065 

0.135 

3.48 

2 

17 

0.058 

0.442 

11.2 

5 

15 

0.072 

0.128 

3.24 

2 

16 

0.065 

0.435 

11.0 

5 

14 

0.083 

0.117 

2.97 

2 

16 

0.072 

0.428 

10.9 

5 

13 

0.095 

0.105 

2.67 

2 

14 

0.088 

0.417 

10.6 

6 

25 

0.020 

0.146 

8.71 

2 

18 

0.095 

0.405 

10.3 

1 

6 

24 

0.022 

0.144 

8.66 

|i 

12 

0.109 

0.391 

9.98 

1 

6 

28 

0.025 

0.141 

8.58 

11 

0.120 

0.380 

9.65 

6 

22 

0.028 

0.188 

8.51 

«  2 

10 

0.134 

0.366 

9.80 

'1     « 

21 

0.032 

0.184 

8.40 

1' 

9 

0.148 

0.352 

8.94 

1      6 

20 

0.035 

0.181 

8.38 

8 

0.165 

0.335 

8.51 

6 

19 

0.042 

0.124 

8.15 

t 

2  2^ 

19 

0.042 

0.358 

9.09 

6 

18 

0.049 

0.117 

2.97 

li 

18 

0.049 

o.a5i 

8.92 

6 

17 

0.a58 

0.108 

2.74 

17 

0.058 

0.842 

8.69 

6 

16 

0.065 

0.101 

2.57         r 

16 

0.065 

0.335 

8..51 

6 

15 

0.072 

0.094 

2.39 

S8  2g 

15 

0.072 

0.328 

8.33 

6 

14 

0.083 

0.083 

2.11 

14 

0.083 

0.317 

8.05 

t 

7 

26 

0.018 

0.125 

•8.17 

2?i 

13 

0.095 

0.305 

7.75 

7 

25 

0.020 

0.123 

8.12 

2vfc 

12 

0,109 

0.291 

7.39 

r 

7 

24 

0.022 

0.121 

8.07 

2% 

11 

0.120 

0.280 

7.11 

7 

28 

0.025 

0.118 

8.00 

2% 

10 

0.134 

0.266 

6.76 

1      7 

22 

0.028 

0.115 

2.92 

2?? 

9 

0.148 

0.252 

6.40 

7 

21 

0.032 

0.111 

2.82 

t 

/.  Nearest  approach  to  sizes  of  graded  set,  V\  %"^  ^'\  etc.    p.  nearest  size  to  punched 
screens,  Table  II.    i.  Sizes  in  Table  I.    r.  Rittinger's  screens. 
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Tablb  V. — Continued. 


Wire. 

Space. 

1 

Wire. 

Space. 

03 

1^ 

i 

Jjl! 

od 

i 

^E 

1 

i 

& 

15 

•g 

5<S 
99g 

& 

i 

& 

§*S 

€ 

Ig 

£ 

1 

n 

5« 

0.085 

0.108 

s 

£ 

n 

5a 

s 

s 

7 

20 

2.74 

16 

23 

0.025 

0.087 

0.94 

7 

19 

0.042 

0.103 

2.62 

16 

22 

0.028 

0.084 

0.86 

7 

IK 

0.049 

0.094 

2.32 

16 

21 

0.082 

0.080 

0.76 

7 

17 

0.058 

0.065 

2.16 

16 

20 

0.085 

0.027 

0.69 

7 

16 

0.065 

0.078 

1.98 

18 

31 

0.010 

0.045 

1.14 

7 

15 

0.072 

0.071 

1.80 

18 

SO 

0.012 

0.043 

1.09 

8 

27 

0.016 

0.109 

2.77 

18 

29 

0.013 

0.042 

1.07 

8 

26 

0.018 

0.107 

2.72 

18 

28 

0.014 

0.041 

1.04 

8 

25 

0.020 

0.105 

2.67 

18 

27 

0.016 

0.039 

0.99 

8 

24 

0.022 

0.103 

2.62 

18 

26 

0.018 

0.087 

0.94 

8 

23 

0.025 

0.100 

2.54 

18 

25 

0.020 

0.035 

0.89 

8 

22 

0.028 

0.097 

2.46 

18 

24 

0.022 

0.038 

0.84 

8 

21 

0.032 

0.093 

2.36 

18 

23 

0.025 

0.080 

0.76 

8 

20 

0.085 

0.090 

2.29 

18 

22 

0.028 

0.027 

0.69 

8 

19 

0.042 

0.083 

2.11 

18 

21 

0.082 

0.023 

0.58 

8 

18 

0.049 

0.076 

1.98 

T 

20 

82 

0.009 

0.041 

1.04 

8 

17 

0.058 

0.067 

1.70 

•20 

81 

0.010 

0.040 

1.01 

8 

16 

0.065 

0.060 

1.52 

20 

30 

0.012 

0.038 

0.96 

9 

28 

0.014 

0.097 

2.46 

20 

29 

0.013 

0.087 

0.94 

9 

27 

0.016 

0.095 

2.41 

20 

28 

0.014 

0.036 

0.91 

9 

26 

0.018 

0.093 

2.36 

20 

27 

0.016 

0.084 

0.86 

9 

26 

0.020 

0.091 

2.31 

20 

26 

0.018 

0.032 

0.81 

9 

24 

0.022 

0.089 

2.27 

20 

25 

0.020 

0.030 

0.76 

9 

23 

0.025 

0.086 

2.18 

20 

24 

0.022 

0.028 

0.71 

9 

22 

0.028 

0.083 

2.11 

20 

23 

0.025 

0.025 

o.es 

9 

21 

0.082 

0.079 

2.01 

t 

20 

22 

0.028 

0.022 

0.56 

9 

20 

0.085 

0.076 

1.98 

22 

32 

0.009 

0.038 

0.96 

9 

19 

0.042 

0.069 

1.75 

22 

31 

0.010 

0.037 

0.94 

9 

18 

0.049 

0.062 

1.57 

22 

30 

0.012 

o.oa5 

0.89         p 

9 

17 

0.058 

0.058 

1.35 

22 

29 

0.013 

0.084 

0.86 

IS 

29 

0.013 

0.087 

2.21 

.  22 

28 

0.014 

0.083 

0.84 

28 

0.014 

0.086 

2.18 

•g  22 

27 

0.016 

0.031 

0.79    t    f 

27 

0.016 

0.084 

2.13 

C  22 

26 

0.018 

0.029 

0.74    1 

lis 

26 

0.018 

0.082 

2.08 

«  22 

25 

0.020 

0.027 

0.68 

25 

0.020 

0.080 

2.03 

1  22 

24 

0.022 

0.025 

0.68 

2  10 

24 

0.022 

0.078 

1.98 

t  22 
\S  24 

28 

0.025 

0.022 

0.56 

9  ^ 

5  10 

23 

0.025 

0.075 

1.90 

34 

0.007 

0.085 

0.89 

22 

0.028 

0.072 

1.83 

S  24 

33 

0.008 

0.034 

0.86 

a  10 

21 

0.032 

0.068 

1.73 

•S  24 
1  24 

32 

0.009 

0.033 

0.84 

1  10 

20 

0.085 

0.065 

l.ft5 

f 

31 

0.010 

0.032 

0.81 

•^  10 

19 

0.042 

0.058 

1.47 

S  24 

30 

0.012 

0.060 

0.76 

10 

18 

0.049 

0.051 

1.30 

'      24 

29 

0.013 

0.029 

0.74 

12 

30 

0.012 

0.071 

1.80 

1      24 

28 

0.014 

0.028 

0.71 

rt 

12 

29 

0.013 

0.070 

1.78 

1      24 

27 

0.016 

0.026 

0.66 

12 

28 

0.014 

0.069 

1.75 

24 

26 

0.018 

0.023 

0.61 

12 

27 

0.016 

0.067 

1.70 

24 

25 

0.020 

0.022 

0.56 

12 

26 

0.018 

0.065 

1.65 

24 

24 

0.022 

0.020 

0.51 

12 

25 

0.020 

0.063 

1.60 

24 

23 

0.025 

0.017 

0.48 

12 

24 

0.022 

0.061 

1.55 

26 

34 

0.007 

0.081 

0.79 

12 

23 

0.025 

o,(m 

1.47 

P 

26 

38 

0.008 

0.030 

0.76 

12 

22 

0.028 

0.055 

1.40 

rt 

26 

32 

0.009 

0.029 

0.74 

P 

12 

21 

0.082 

0.051 

1.80 

26 

31 

0.010 

0.028 

o.n 

12 

20 

0.035 

0.018 

1.22 

26 

30 

0.012 

0.026 

0.66 

12 

19 

0.042 

0.041 

1.04 

26 

29 

0.018 

0.025 

0.63 

14 

30 

0.012 

0.059 

1.50 

26 

28 

0.014 

0.024 

0.61 

14 

29 

0.013 

0.058 

1.47 

26 

27 

0.016 

0.022 

0.66 

14 

28 

0.014 

0.057 

1.45 

26 

26 

0.018 

0.O20 

0.51 

.14 

27 

0.016 

0.055 

1.40 

26 

25 

0.020 

0.018 

0.46 

U 

26 

0.018 

0.053 

1.35    1 

26 

24 

0.022 

0.016 

0.41 

14 

25 

0.020 

0.051 

1.30 

28 

34 

0.007 

0.029 

0.78 

14 

24 

0.022 

0.049 

1.24 

p 

28 

83 

0.006 

0.028 

0.71 

14 

28 

0.025 

0.046 

1.17 

28 

82 

0.009 

0.027 

0.68 

P 

14 

22 

0.028 

0.044 

1.12 

28 

81 

0.010 

0.026 

0.66    1 

14 

21 

0.032 

0.039 

0.99 

28 

30 

0.012 

0.024 

0.61 

14 

20 

0.086 

0.086 

0.91 

28 

29 

0.013 

0.028 

0.58 

16 

30 

0.012 

0.050 

1.27 

28 

28 

0.014 

0.022 

0.56 

16 

29 

0.013 

0.049 

1.24 

28 

27 

0.016 

0.020 

0.51     1 

16 

28 

0.014 

0.048 

1.22 

1 

28 

26 

0.018 

0.018 

0.46 

16 

27 

0.016 

0.046 

1.17 

28 

25 

0.020 

0.016 

0.41 

16 

26 

0.018 

0.044 

1.12 

30 

34 

0.007 

0.026 

0.66 

16 

25 

0.020 

0.042 

1.07 

rp 

30 

38 

0.008 

0.025 

0.68 

16 

24 

0.022 

0.040 

1.02         f     !;      30 

32 

0.009 

0.024 

0.61     '    p 

/.  Nearefit  approach  to  sizes  of  graded  set.  1",  }4",  }4'\  etc.   p.  Nearest  size  to  punched 
screens.  Table  11.    t.  Sizes  in  Table  I.    r.  Rlttinger's  screens. 

[16] 


SCBBBNS   FOR   SIZING. 


439 


Tablb  V. — Cmdvded. 


Wire. 

Space. 

1 

Wire. 

Spa 

ice. 

d 

0*0 

1 

^E 

OQ 

V 

1 

1 

55 

1 

1 

-g  c 

1 

I§ 

M 

80 

81 

0.010 

0.023 

0.58 

p 

65 

81 

0.010 

0.008 

0.20 

80 

80 

0.012 

0.021 

0.53 

55 

30 

0.012 

0.006 

0.15 

30 

29 

0.018 

0.020 

0.51 

tp 

60 

34 

0.007 

0.010 

0.26 

80 

28 

0.014 

0.019 

0.48 

60 

88 

0.008 

0.009 

0.28 

80 

27 

0.016 

0.017 

0.43 

60 

32 

0.009 

0.008 

0.20 

80 

26 

0.018 

0.015 

0.38 

60 

81 

0.010 

0.007 

0.18 

30 

25 

0.020 

0.018 

0.83 

60 

•80 

0.012 

0.005 

0.18 

85 

34 

0.007 

0.021 

0.58 

64 

84 

0.007 

0.009 

0.28 

35 

33 

0.008 

0.020 

0.51 

Gt 

83 

0.008 

0.008 

0.20 

85 

82 

0.009 

0.019 

0.48 

64 

32 

0.009 

0.007 

0.18 

35 

81 

0.010 

0.018 

0.46 

'P 

64 

81 

0.010 

0.006 

0.15 

35 

80 

0.012 

0.016 

0.41 

F 

64 

80 

0.012 

0.004 

0.10 

Ji  85 

29 

0.013 

0.015 

0.38 

.  70 

35 

0.005 

0.009 

0.23 

•g  35 

28 

0.014 

0.014 

0.35 

A  70 

34 

0.007 

0.007 

0.18 

B  35 

27 

0.016 

0.012 

0.30 

§  70 

38 

0.008 

0.006 

0.15 

%  35 

26 

0.018 

0.010 

0.25 

"5  70 

82 

0.009 

0.005 

0.13 

a  40 

84 

0.007 

0.018 

0.46 

5  70 
-  74 

31 

0.010 

0.004 

0.10 

1  ^ 

88 

0.008 

0.017 

0.48 

35 

0.005 

0.008 

0.20 

82 

0.009 

0.016 

0.41 

B  74 

84 

0.007 

0.006 

0.15 

8  40 

31 

0.010 

O.OL'i 

0.38 

P 

S  74 
Jc  74 

33 

0.008 

0.006 

0.13 

1  40 

^  40 

30 

0.012 

0.013 

0.88 

82 

0.009 

0.004 

0.10 

29 

0.018 

0.012 

0.30 

8  74 

31 

0.010 

0.008 

0.08 

28 

0.014 

0.011 

0.28 

S  80 

36 

0.004 

0.008 

0.20 

45 

84 

0.007 

0.015 

0.38 

80 

85 

o.oa-i 

0.007 

0.18 

45 

33 

0.008 

0.014 

0.35 

p 

80 

34 

0.007 

0.005 

0.18 

45 

32 

0.009 

0.018 

0.33 

80 

33 

0.008 

0.004 

0.10 

45 

31 

0.010 

0.012 

0.80 

80 

32 

0.009 

0.008 

0.08 

45 

80 

0.012 

0.010 

0.25 

90 

0.004 

0.007 

0.18 

45 

29 

0.013 

0.009 

0.23 

90 

35 

0.005 

0.006 

0.15 

50 

84 

0.007 

0.013 

0.33 

r 

90 

84 

0.007 

0.004 

0.10 

50 

38 

0.008 

0.012 

0.80 

90 

33 

0.008 

0.008 

0.08 

50 

82 

0.009 

0.011 

0.28 

90 

32 

0.009 

0.002 

0.06 

60 

81 

0.010 

0.010 

0.25 

t 

100 

36 

0.004 

0.006 

0.15 

60 

80 

0.012 

0.008 

0.20 

100 

35 

0.005 

O.OOi 

0.13 

55 

84 

0.007 

0.011 

0.28 

100 

34 

0.007 

0.008 

0.08 

55 

33 

0.008 

0.010 

0.25 

^00 

33 

0.008 

0.002 

0.05 

55 

32 

0.009 

0.009 

0.23 

/.  Nearest  approach  to  sizes  of  graded  set,  1",  >^",  %",  etc. 
screens,  Table  II.    t.  Sizes  In  Table  I.    r.  Rittinger's  screens. 


p.  Nearest  size  to  punched 
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Table  VL — Sizes  of  Wire  Screens  {tisuaUt/ copper)  of  the  American 
(or  Brown  ^  Sharpe)  Oauge. 


Wire. 

Spi 

Milli-        1   •* 
,  meters.      . 

a 
•S 

1 

Wire. 

Space. 

1 

OQ 

If 

55 

1 

OQ 

11 

55 

8 

1 

=1 

1 

'^S" 

0 

0.8248 

2.67 

68.0 

2H 

11 

0.09(f7 

0.809 

7.85 

8" 

00 

0.8648 

2.63 

66.8 

T 

2I2 

10 

0.1018 

0.296 

7.57    ' 

3" 

000 

0.4096 

2.89 

65.8 

t 

2ife 

9 

0.1144 

0.286 

7.26 

2W' 

1 

0.2893 

2.21 

56.1 

27& 

8 

0.1284 

0.272 

6.91 

2\Z" 

0 

0.8248 

2.17 

55.2 

8 

20 

0.0319 

0.801 

7.65 

2^2'' 

00 

0.8648 

2.13 

54.2 

f 

8 

19 

0.0858 

0.297 

7.M 

■     ^^" 

0 

0.3248 

1.80 

45.7 

rt 

18 

0.040S 

0.293 

7.44 

3 

0.2294 

1.27 

82.8 

t 

17 

0.0452 

0.288 

7.32 

lyt'' 

2 

0.2576 

1.24 

81.5 

p 

16 

0.0508 

0.282 

7.16 

\%" 

1 

0.2893 

1.21 

80.7 

15 

0.0570 

0.274 

6.96 

\\Z." 

4 

0.2043 

0.92 

28.4 

rt 

14 

0.0640 

0.269 

6.83 

v^ 

15 

0.0570 

0.948 

23.9 

f 

13 

0.0719 

0.261 

6.68 

1" 

14 

0.0640 

0.936 

23.8 

8 

12 

0.0808 

0.252 

6.40 

f 

1" 

13 

0.0719 

0.928 

28.6 

3 

11 

0.0907 

0.248 

6.17 

1" 

12 

0.0806 

0.919 

23.8 

8 

10 

0.1018 

0.281 

5.87 

1" 

U 

0.0907 

0.909 

23.1 

3 

9 

0.1144 

0.220 

5.59 

1" 

10 

0.1018 

0.898 

22.8 

3 

8 

0.1284 

0.205 

5.21 

v 

9 

0.1144 

0.886 

22.5 

3>^ 

21 

0.0284 

0.257 

6.58 

1" 

8 

0.1284 

0.872 

22.1 

m 

'  20 

0.0319 

0.254 

6.45 

«•  1" 

7 

0.1442 

0.856 

21.7 

3V| 

19 

0.0358 

0.250 

6.35 

6 

0.1620 

0.888 

21.8 

8>| 

18 

0.0403 

0.244 

6.20 

5 

0.1819 

0.818 

20.8 

3>| 

17 

0.0452 

0.239 

6.07 

4 

0.2043 

0.796 

20.2 

3jl 

16 

0.0508 

0.235 

5.97 

S  1" 

8 

0.2294 

0.771 

19.6 

3% 

15 

0.0570 

0.229 

5.82 

S  a^^/ 

16 

0.0506 

0.699 

17.7 

3V5 

14 

0.0640 

0.222 

5.64 

rt 

5  g// 

15 

0.0670 

0.698 

17.6 

3>l 

13 

0.0719 

0.213 

5.41 

1 

14 

0.0641 

0.686 

17.4 

3V2 

12 

0.0808 

0.206 

5.20 

18 

0.0719 

0.678 

17.2 

3>| 

11 

0.0907 

0.195 

4.95 

12 

0.0806 

0.669 

17.0 

4 

22 

0.0253 

0.225 

5.71 

11 

0.0907 

0.659 

16.7 

21 

0.0284 

0.222 

5.64 

10 

0.1018 

0.648 

16.5 

20 

0.0819 

0.218 

5.54 

9 

0.1144 

0.686 

16.1 

t 

li 

19 

0.0358 

0.214 

5.44 

8 

0.1284 

0.622 

15.8 

18 

0.0403 

0.210 

5.33 

7 

0.1442 

0.606 

15.4 

17 

0.0452 

0.207 

5.26 

6 

0.1620 

0.588 

14.9 

5  J 

16 

0.0508 

0.199 

5.06 

1; 

•  5 

0.1819 

0.568 

14.4 

15 

0.0570 

0.198 

4.90 

4 

0.2043 

0.546 

18.9 

a  4 

14 

0.0640 

0.186 

4.72 

17 

0.0452 

0.580 

14.7 

84 

18 

0.0719 

0.178 

4.52 

0n 

16 

0.0508 

0.574 

14.5 

12 

0.0808 

0.169 

4.29 

az'f 

15 

0.0570 

0.568 

14.4 

8  4 

11 

0.0907 

0.159 

4.04 

aztt 

14 

0.0640 

0.561 

14.2 

S  4 

10 

0.1018 

0.148 

8.76 

5^" 

13 

0.0719 

0.558 

14.0 

9 

0.1X44 

0.136 

3.45 

7^" 

12 

0.0808 

0.544 

18.8 

4^ 

28 

0.0225 

0.200 

5.06 

7b" 

11 

0.0907 

0.584 

13.6 

4!^ 

22 

0.02.53 

0.197 

5.00 

tI" 

10 

0.1018 

0.523 

13.8 

4V^ 

21 

0.0284 

0.194 

4.93 

7h" 

9 

0.1144 

0.510 

12.9 

^79 

20 

0.0319 

0.190 

4.88 

tb" 

8 

0.1284 

0.497 

12.6 

rf 

412 

19 

0.0358 

0.186 

4.72 

7«" 

7 

0.1442 

0.481 

12.2 

41? 

18 

0.0108 

0.182 

4.62 

b5" 

6 

0.1620 

0.463 

11.8 

4^2 

17 

0.0452 

0.177 

4.50 

^^•5^" 

5 

0.1819 

0.443 

11.2 

4\2 

16 

0.0508 

0.171 

4.84 

'—2 

19 

0.0358 

0.464 

11.79 

4% 

16 

0.0570 

0.165 

4.19 

rt 

2 

18 

0.0403 

0.460 

11.68 

^Ta 

14 

0.0640 

0.158 

4.01 

2 

17 

0.0452 

0.455 

11.56 

4^^ 

13 

0.0719 

0.150 

3.81 

2 

16 

0.0508 

0.449 

11.40 

4O 

12 

0.0808 

0.141 

3.58 

2 

15 

0.0570 

0.443 

11.25 

t 

5 

23 

0.0225 

0.177 

4.50 

.  2 

14 

0.0640 

0.486 

11.07 

5 

22 

0.0253 

0.175 

4.44 

•g  2 
C  2 

13 

0.0719 

0.428 

10.87 

5 

21 

0.0284 

0.172 

4.37 

12 

0.0606 

0.419 

10.64 

6 

20 

0.0319 

0.168 

4.27 

ii 

11 

0.0907 

0.409 

10.89 

5 

19 

0.0388 

0.164 

4.17 

10 

0.1018 

0.398 

10.11 

5 

18 

0.0403 

0.160 

4.06 

si 

9 

0.1144 

0.386 

9.80 

5 

17 

0.0452 

0.155 

3.94 

8 

0.1284 

0.372 

9.45 

5 

16 

0.0508 

0.149 

8.78 

3  2 

7 

0.1442 

0.856 

9.04 

5 

15 

0.0670 

0.148 

8.68 

"S  2 

6 

0.1620 

0.338 

8.59 

5 

14 

0.0648 

0.185 

8.48 

1  2X 

19 

0.0358 

0.364 

9.25 

5 

13 

0.0719 

0.128 

8.25 

S  2Vi 

18 

0.0403 

0.360 

9.14 

5 

12 

0.0808 

0.119 

8.02 

2^1 

17 

0.0452 

0.355 

9.02 

5 

11 

0.0907 

0.109 

2.77 

2^ 

16 

0.0508 

0.349 

8.86 

6 

25 

0.0179 

0.149 

3.78 

2Vl 

15 

0.0570 

0.348 

8.71 

6 

24 

0.0201 

0.146 

3.71 

27i 

14 

0.0640 

0.336 

8.58 

6 

23 

0.0225 

0.144 

8.66 

2C2 

13 

0.0719 

0.328 

8.88 

1      6 

22 

0.0253 

0.141 

8.58 

2?? 

12 

0.0806 

0.319 

8.10 

rt      1      6 

21 

0.0284 

0.137 

8.48 

/.  Nearest  approach  to  sizes  of  graded  set,  V\  }4'\  y^\  etc. 
screens,  Table  iI.    L  Sises  in  Table  I.    r.  Rittinger's  screens. 
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Table  VI. — Continued, 


Wire. 

SpAce. 

1 

Wire. 

Space. 

00 

l| 

8 

^1 

Sg 

od 

II 

i 

SS 

i 

1 

9m 
55 

a 

1 

1 

•8 
19 

si 

1 

1 

6 

20 

0.0319 

0.135 

3.43 

12 

0.0658 

0.047 

1.19 

6 

19 

0.0358 

0.131 

3.88 

12 

18 

0.0408 

0.043 

1.09 

6 

18 

0.0403 

0.126 

3.20 

f 

14 

84 

0.0063 

0.066 

1.65 

6 

17 

0.0152 

0.121 

8.07 

14 

88 

0.0070 

0.064 

1.68 

6 

16 

0.0508 

0.116 

2.95 

r 

14 

82 

0.0079 

0.068 

1.60 

16 

0.0570 

0.110 

2.79 

14 

31 

0.0069 

0.062 

1.57 

14 

0.0640 

0.092 

2.34 

14 

30 

0.0100 

0.061 

1.56 

18 

0.0719 

0.085 

2.16 

14 

29 

0.0112 

0.060 

1.52 

12 

0.0608 

0.076 

1.93 

14 

28 

0.0126 

0.069 

1.50 

26 

0.0159 

0.127 

3.23 

14 

27 

0.0141 

0.057 

1.45 

2ft 

0.0179 

0.125 

3.17 

14 

26 

0.0160 

0.066 

1.40 

24 

0.0201 

0.128 

8.12 

14 

25 

0.0179 

0.063 

1.85 

28 

0.0225 

0.120 

8.05 

14 

24 

0.0201 

0.061 

1.80 

22 

0.0253 

0.117 

2.97 

14 

28 

0.0225 

0.049 

1.24 

21 

0.0284 

0.114 

2.90 

14 

22 

0.0253 

0.046 

1.17 

20 

0.0319 

0.111 

2.82 

t 

14 

21 

0.0284 

0.048 

1.09 

19 

6.0358 

0.107 

2.72 

14 

20 

0.0819 

0.089 

0.99 

18 

0.0403 

0.102 

2.59 

16 

85 

0.0066 

0.057 

1.45 

17 

0.0452 

0.096 

2.49 

16 

84 

0.0063 

0.056 

1.42 

16 

0.0508 

0.092 

2.84 

16 

38 

0.0070 

0.056 

1.40 

13 

0.a'>70 

0.086 

2.18 

16 

82 

0.0079 

0.064 

1.87 

8 

27 

0.0141 

0.111 

2.82 

16 

81 

0.0089 

0.053 

1.85 

8 

26 

0.0159 

0.109 

2.77 

16 

80 

0.0100 

0.052 

1.82 

8 

25 

0.0179 

0.107 

2.72 

16 

29 

0.0112 

0.051 

1.80 

8 

24 

0.0201 

0.106 

2.67 

16 

28 

0.0126 

0.050 

1.27 

8 

23 

0.0225 

0.102 

2.59 

16 

27 

0.0141 

0.048 

1.23 

p 

8 

22 

0.0258 

0.100 

2.54 

16 

26 

0.0159 

0.047 

1.19 

8 

21 

0.0284 

0.097 

2.46 

16 

25 

0.0179 

0.045 

1.14 

r 

8 

20 

0.0319 

0.098 

2.86 

16 

24 

U.0201 

0.042 

1.07 

8 

19 

0.0368 

0.089 

2.26 

16 

28 

0.0225 

0.040 

1.02 

t 

8 

18 

0.0408 

0.085 

2.16 

r 

16 

22 

0.0253 

0.087 

0.94 

^    8 
•a    8 

17 

0.0452 

0.080 

2.08 

ji  16 

21 

0.0284 

0.084 

0.86 

16 

0.0508 

0.074 

1.88 

86 

0.0050 

0.061 

1.28 

15 

0.0570 

0.068 

1.73 

85 

0.0a56 

0.050 

1.27 

1  1 

14 

0.0640 

0.061 

1.56 

111 

84 

0.0063 

0.049 

1.25 

28 

0.0126 

0.098 

2.49 

38 

0.0070 

0.048 

1.28 

S    9 

27 

0.0141 

0.096 

2.44 

15  18 

82 

0.0079 

0.047 

1.21 

1: 

26 

0.0159 

0.095 

2.41 

1  18 
1  18 

31 

0.0069 

0.046 

1.18 

25 

0.0179 

0.093 

2.36 

80 

0.0100 

0.046 

1.17 

24 

0.0201 

0.091 

2.31 

29 

0.0112 

0.044 

1.18 

1     » 

28 

0.0225 

0.089 

2.26 

1  18 

28 

0.0126 

0.042 

1.09 

22 

0.0253 

0.086 

2.18 

*  18 

27 

0.0141 

0.041 

1.04 

21 

0.0284 

0.083 

2.11 

1 

18 

26 

0.0159 

0.039 

0.98 

20 

0.0319 

0.079 

2.00 

t 

18 

25 

0.0179 

0.038 

0.97 

19 

0.0858 

0.075 

1.90 

18 

24 

0.0201 

0.035 

0.89 

18 

0.0408 

0.071 

1.80 

18 

23 

0.0225 

0.088 

0.84 

17 

0.0452 

0.066 

1.68 

18 

•22 

0.0253 

0.080 

0.76 

10 

29 

0.0112 

0.089 

2.26 

20 

86 

0.0050 

0.045 

1.14 

10 

28 

0.0126 

0.087 

2.21 

20 

85 

0.0056 

0.044 

1.18 

10 

27 

0.0141 

0.086 

2.18 

20 

84 

0.0063 

0.043 

1.12 

10 

26 

0.0159 

0.084 

2.18 

20 

88 

0.0070 

0.042 

1.09 

10 

25 

0.0179 

0.082 

2.08 

20 

32 

0.0079 

0.042 

1.07 

p 

10 

24 

0.0201 

0.080 

2.03 

20 

31 

0.0089 

0.041 

1.04 

10 

23 

0.0225 

0.077 

1.96 

20 

80 

0.0100 

0.089 

1.01 

10 

22 

0.0253 

0.075 

1.90 

20 

29 

0.0112 

0.088 

0.99 

10 

21 

0.0284 

0.072 

1.83 

20 

28 

0.0126 

0.037 

0.95 

10 

20 

0.0819 

0.068 

1.78 

20 

27 

0.0141 

0.036 

0.91 

10 

19 

0.0358 

0.064 

1.63 

f 

20 

26 

0.0159 

0.084 

0.86 

10 

18 

0.M03 

0.060 

1.52 

20 

25 

0.0179 

0.032 

0.82 

10 

17 

0.0452 

0.055 

1.40 

20 

24 

0.0201 

0.029 

0.76 

10 

16 

0.0608 

0.049 

1.24 

20 

28 

0.0225 

0.027 

0.70 

12 

80 

0.0100 

0.078 

1.85 

22 

86 

0.0050 

0.042 

1.07 

12 

29 

0.0112 

0.072 

1.84 

22 

a5 

0.0056 

0.041 

1.06 

12 

28 

0.0126 

0.071 

1.83 

;      22 

84 

0.0063 

0.041 

1.04 

12 

27 

0.0141 

0.069 

1.75 

22 

33 

0.0070 

0.040 

1.02 

12 

26 

0.0159 

0.067 

1.70 

22 

32 

0.0079 

0.089 

IM 

12 

25 

0.0179 

0.065 

1.65 

22 

31 

0.0089 

0.038 

0.97 

12 

24 

0.0201 

0.063 

1.60 

22 

80 

0.0100 

0.087 

0.94 

12 

23 

0.0225 

0.061 

1.55 

22 

29 

0.0112 

0.066 

0.91 

12 

22 

0.0254 

0.a58 

1.47 

rp 

22 

28 

0.0126 

0.034 

0.88 

12 

21 

0.0284 

0.055 

1.40 

t 

22 

27 

0.0141 

0.033 

0.84 

12 

20 

0.0819 

0.051 

1.30 

22 

26 

0.0159 

0.031 

0.79 

/.  Nearest  approach  to  sises  of  graded  set,  1",  }^'\  %'\  etc.   p.  Nearest  size  to  punched 
screens,  Table  It.    U  Sizes  in  Table  I.    r.  Rittinger's  screens. 
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Table  VL — Goncluded. 


Wire. 

Space. 

. 

Wire. 

Space. 

II 

«i 

S 

i 

od 

1 

1 

ad 

a|M 

1 

sS 

1 

1 

n 

25 

5« 

a 

0.029 

^1 
0.74 

& 

S 

87 

qB 

M 

0.52 

s 

22 

0.0179 

40 

0.0044 

0.021 

22 

24 

0.0201 

0.027 

0.69 

40 

86 

0.0050 

0.020 

0.51 

24 

36 

0.0060 

0.086 

0.98 

40 

35 

0.0056 

0.019 

0.49 

24 

35 

0.0056 

0.036 

0.91 

40 

34 

0.0063 

0.019 

0.47 

24 

34 

0.0063 

0.035 

0.90 

P 

40 

38 

0.0070 

0.018 

0.46 

p 

24 

33 

0.007O 

0.1184 

0.88 

40 

32 

0.0079 

0.017 

0.43 

? 

24 

32 

0.U079 

0.088 

0.86 

40 

31 

0.0089 

0.016 

0.41 

24 

31 

0.0089 

0.082 

0.83 

40 

30 

0.0100 

0.015 

0.38 

24 

30 

0.0100 

0.081 

0.80 

45 

87 

0.0044 

0.018 

0.45 

24 

29 

0.0112 

0.080 

0.77 

45 

36 

0.0060 

0.017 

0.44 

24 

28 

0.0126 

0.029 

0.74 

r 

45 

35 

0.0056 

0.017 

0.42 

24 

27 

0.0141 

0.027 

0.70 

t 

45 

34 

0.0068 

0.016 

0.40 

24 

26 

0.0159 

0.025 

0.65 

45 

33 

0.0070 

0.015 

0.39 

24 

25 

0.0179 

0.023 

0.60 

45 

32 

0.0079 

0.014 

0.36 

26 

36 

0.0050 

0.034 

0.85 

60 

87 

0.0044 

0.016 

0.40 

26 

35 

0.0056 

0.088 

0.84 

50 

86 

o.om 

0.015 

0.38 

p 

26 

34 

O.O063 

0.082 

0.82 

50 

85 

0.0066 

0.014 

0.37 

26 

S3 

0.0070 

0.031 

0.80 

t 

50 

84 

0.0063 

0.014 

0.35 

rtp 

26 

82 

0.0079 

0.080 

0.77 

50 

88 

0.0070 

0.013 

0.33 

26 

31 

0.00h9 

0.029 

0.75 

p 

60 

32 

0.0079 

0.012 

0.31 

26 

30 

0.0100 

0.028 

0.72 

60 

88 

0.0039 

0.013 

0.32 

26 

29 

0.0112 

0.027 

0.69 

P 

60 

37 

0.0044 

0.012 

0.81 

^  26 
€  26 

28 

0.0126 

0.025 

0.66 

«s 

36 

0.0050 

0.012 

0.29 

27 

0.0141 

0.024 

0.61 

35 

0.0056 

0.011 

0.28 

B  26 

26 

0.0159 

0.022 

0.57 

a  60 

34 

0.0063 

0.010 

0.26 

<p  28 

86 

0.0050 

0.031 

0.78 

«  64 

38 

0.0039 

0.012 

0.30 

5  28 

35 

0.0a56 

0.030 

0.76 

e  64 

37 

0.0044 

0.011 

0.28 

2  28 
Z  28 
1  28 

34 

0.0063 

0.029 

0.75 

Q  64 
1  «4 

36 

0.0050 

0.011 

0.27 

33 

0.0070 

0.029 

0.78 

35 

0.0066 

0.010 

0.25 

t 

32 

0.0079 

0.028 

0.71 

84 

0.0063 

0.009 

0.24 

1  28  • 
1  28 
^  28 

31 

0.0089 

0.027 

0.68 

Is 
S  70 
^  70 

38 

0.0089 

0.010 

0.26 

r 

30 

0.0100 

0.025 

0.65 

37 

0.0044 

0.010 

0.25 

29 

0.0112 

0.024 

0.62 

p 

86 

0.0050 

0.009 

0.23 

28 

28 

0.0126 

0.023 

0.59 

1      70 

35 

0.0a56 

0.009 

0.22 

28 

27 

0.0141 

0.021 

0.55 

70 

34 

0.0063 

0.008 

0.20 

80 

86 

0.0050 

0.028 

0.72 

74 

38 

0.0089 

0.010 

0.24 

80 

35 

0.0056 

0.028 

0.70 

74 

87 

0.0044 

0.009 

0.23 

80 

84 

0.0068 

0.027 

0.69 

74 

36 

O.0O5O 

0.008 

0.22 

30 

83 

0.0070 

0.026 

0.67 

74 

35 

0.0056 

0.008 

0.20 

f 

30 

32 

0.0079 

0.025 

0.65 

74 

34 

0.0063 

0.007 

0.18 

30 

31 

0.0089 

0.024 

0.62 

80 

39 

0.0035 

0.009 

0.28 

30 

30 

0.0100 

0.028 

0.59 

80 

38 

0.0089 

0.009 

0.22 

30 

29 

0.0112 

0.022 

0.56 

p 

80 

37 

0.0044 

0.008 

0.21 

30 

28 

0.0126 

0.021 

0.53 

80 

36 

0.0050 

0.007 

0.19 

30 

27 

0.0141 

0.019 

0.49 

80 

35 

0.0056 

0.007 

0.18 

35 

37 

0.0044 

0.024 

0.61 

90 

40 

0.0081 

0.008 

0.20 

35 

36 

0.0050 

0.023 

0.60 

90 

39 

0.0083 

0.008 

0.19 

36 

35 

0.0056 

0.023 

0.58 

90 

38 

0.0089 

0.007 

0.18 

85 

34 

0.0063 

0.022 

0.56 

90 

87 

0.0044 

0.007 

0.17 

t 

35 

33 

0.0070 

0.021 

0.55 

90 

36 

0.0050 

0.006 

0.15 

35 

82 

0.0079 

0.021 

0,52 

100 

40 

0.0081 

0.007 

0.18 

35 

31 

0.0089 

0.020 

0.50 

rtp 

100 

89 

0.0085 

0.006 

0.17 

35 

30 

0.0100 

0.018 

0.47 

100 

38 

0.0089 

0.006 

0.15 

35 

29 

0.0112 

0.017 

0.44 

100 

37 

0.0044 

0.006 

0.14 

35 

28 

0.0126 

0.016 

0.40 

.^100 

36 

o.oaw 

0.005 

0.13 

t 

/.  Nearest  approach  to  sixes  of  graded  set,  1'',  y^",  "%",  etc.   p.  Nearest  size  to  punched 
screens,  Table  II.    U  Sizes  in  Table  I.    r.  Rittinger's  screens. 
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Table  Vn. — Sizes  of  Wire  Screens  of  the  Trenton  Standard 

Gauge. 


Wire. 

Space. 

j 

i 

Wire. 

Space. 

i 

1 

1 

a 

3| 

i 

i 

1 

Sg 

1 

^8" 

0 

0.905 

2.60 

68.8 

2H 

9 

0.145 

0.255 

6.48 

8" 

00 

0.880 

2.67 

67.8 

r 

2j2 

8 

0.160 

0.240 

6.10 

*"// 

000 

0.860 

2.64 

67.1 

t 

20 

0.085 

0.298 

7.57 

1 

0.285 

2.21 

56.1 

19 

0.040 

0.293 

7.44 

^0'/ 

0 

0.905 

2.10 

56.6 

18 

0.045 

0.288 

7.81 

00 

0.880 

2.17 

55.1 

f 

17 

0.062 

0.281 

7.14 

2?*" 

0 

0.805 

1.82 

46.2 

It 

16 

0.061 

0.272 

6.91 

iVi" 

3 

0.245 

1.25 

81.7 

t 

16 

0.070 

0.263 

6.68 

Iji" 

2 

0.265 

1.28 

81.2 

r 

14 

0.080 

0.258 

6.48 

f 

lyt" 

1 

0.285 

1.21 

80.7 

18 

0.092 

0.241 

6.12 

f' 

4 

0.225 

0.90 

22.9 

rt 

12 

0.105 

0.228 

5.79 

15 

0.070 

0.980 

28.6 

f 

11 

0.117 

0.216 

5.49 

v 

14 

0.060 

0.920 

28.4 

10 

0.180 

0.208 

5.16 

1" 

IS 

0.092 

0.907 

28.0 

3V^ 

21 

0.081 

0.254 

6.45 

v 

12 

0.105 

0.895 

22.7 

Zy% 

20 

0.U86 

0.2S0 

6.85 

1" 

11 

0.117 

0.882 

22.4 

81^ 

19 

0.040 

0.245 

6.22 

1" 

10 

0.180 

0.870 

22.1 

^7a 

18 

0.045 

0.240 

6.10 

1" 

9 

0.145 

0.855 

21.7 

8^ 

17 

0.052 

0.282 

5.89 

1" 

8 

0.160 

0.840 

21.8 

8>l 

16 

0.061 

0.224 

5.69 

t 

1" 

7 

0.175 

0.825 

20.9 

3?f 

15 

0.070 

0.215 

5.46 

.  1" 

6 

0.190 

0.810 

20.6 

3^ 

14 

0.080 

0.205 

5.21 

r 

^  1" 
8  1" 

6 

0.205 

0.796 

20.2 

3V& 

18 

0.092 

0.192 

4.8R 

4 

0.225 

0.775 

19.7 

37b 

12 

0.105 

0.180 

4.57 

a  v 

8 

0.245 

0.765 

19.2 

S}Z 

U 

0.117 

0.167 

4.24 

•  5i" 

16 

0.061 

0.689 

17.5 

4 

22 

0.028 

0.222 

5.64 

A!' 

15 

0.070 

0.680 

17.8 

4 

21 

0.081 

0.219 

6.56 

14 

0.080 

0.670 

17.0 

4 

20 

0.035 

0.215 

5.46 

13 

0.092 

0.657 

16.7 

4 

19 

0.040 

0.210 

5.38 

12 

0.105 

0.645 

16.4 

4 

18 

0.045 

0.205 

6.21 

11 

0.117 

0.682 

16.0 

t      i 

4 

17 

0.062 

0.197 

5.00 

10 

0.180 

0.620 

15.7 

ji  4 

16 

0.061 

0.189 

4.80 

9 

0.145 

0.605 

16.4 

II 

15 

0.070 

0.180 

4.57 

8 

0.160 

0.590 

15.0 

14 

0.060 

0.170 

4.32 

7 

0.175 

0.575 

14.6 

it 

13 

0.092 

0.167 

8.99 

t 

6 

0.190 

0.560 

14.2 

12 

0.106 

0.145 

8.68 

1 

5 

0.205 

0.545 

18.8 

S  4 

11 

0.117 

0.182 

8.&5 

4 

0.225 

0.525 

18.8 

«  4K 

23 

0.025 

0.197 

5.00 

17 

0.052 

0.572 

14.6 

'JS  *H 

22 

0.028 

0.194 

4.98 

16 

0.061 

0.564 

14.8 

1  ^Y^ 

21 

0.081 

0.191 

4.85 

ft7// 

15 

0.070 

0.655 

14.1 

S  4Vl 

20 

0.086 

0.187 

4.75 

%" 

14 

0.080 

0.545 

13.8 

4\Z 

19 

0.040 

0.182 

4.62 

az't 

13 

0.092 

0.532 

18.6 

4i| 

18 

0.045 

0.177 

4.49 

£9// 

12 

0.105 

0.520 

13.2 

4% 

17 

0.052 

0.170 

4.82 

1; 

11 

0.117 

0.507 

12.9 

4v| 

16 

0.061 

0.161 

4.09 

10 

0.180 

0.495 

12.6 

f  ; 

^Ta 

15 

0.070 

0.152 

8.86 

r 

9 

0.145 

0.480 

12.2 

4% 

14 

0.080 

0.142 

8.61 

0" 

8 

0.160 

0.465 

11.8         r      1 

4% 

13 

0.092 

0.180 

3.30 

°Ai" 

7 

0.175 

0.450 

11.4 

t 

4^ 

12 

O.lte 

0.117 

2.97 

Jf 

6 

0.190 

0.4&5 

11.0 

5 

24 

0.022 

0.177 

4.49 

5 

0.205 

0.410 

10.4 

5 

23 

0.025 

0.175 

4.44 

18 

0.045 

0.455 

11.56 

5 

22 

0.028 

0.172 

4.87 

2 

17 

0.062 

0.447 

11.35 

5 

21 

0.081 

0.169 

4.29 

2 

16 

0.061 

0.489 

11.15 

5 

20 

0.08.5 

0.166 

4.19 

2 

15 

0.070 

0.480 

10.92 

5 

19 

0.040 

O.IGO 

4.06 

2 

14 

0.080 

0.420 

10.67 

5 

18 

0.045 

0.155 

8.94 

43   2 

2  2 

18 

0.092 

0.407 

10.34 

5 

17 

0.052 

0.147 

8.78 

12 

0.105 

0.395 

10.08 

1 

5 

16 

0.061 

0.189 

3.53 

5  2 

11 

0.117 

0.882 

9.70 

5 

15 

0.070 

0.130 

8.30 

2  2 

10 

0.190 

0.370 

9.40 

5 

14 

0.060 

0.120 

8.05 

5  2 

9 

0.145 

0.355 

9.02 

5 

13 

0.092 

0.107 

2.72 

S  2 

8 

0.160 

0.340 

8.64 

6 

25 

0.020 

0.146 

8.71 

1  2 

^1 

7 

O.lTfi 

0.325 

8.25 

6 

24 

0.022 

0.144 

3.G6 

6 

0.190 

0.810 

7.87 

6 

23 

0.025 

0.141 

3.58    ! 

18 

0.045 

O.aV) 

9.02 

6 

22 

0.028 

0.138 

8.50    ' 

17 

o.avi 

0.347 

8.81  ■ 

6 

21 

0.031 

O.l&T 

8.43     i 

16 

0.0(51 

0.389 

8.61  I 

6 

20 

O.O&'i 

0.131 

3.88    ! 

21^ 

15 

0.070 

0.880 

8.38  j 

6 

19 

0.040 

0.126 

8.20 

f 

2^ 

14 

0.080 

0.320 

8.13  1    I       1 

6 

18 

0.045 

0.121 

8.07 

18 

0.092 

o.ia*) 

0.307 

7.80  ; 

6 

17 

0.a52 

0.114 

2.89 

2^ 

12 

0.295 

7.49  ,     r 

6 

16 

0.061 

o.ia'> 

2.67 

r 

11 

0.117 

0.282 

7.16                !      6 

15 

0.070 

0.096 

2.44    ; 

2>| 

10 

0.130 

0.270 

6.86  1                    6 

14 

0.080 

0.086 

2.18    1 

/.  Nearest  approach  to  sizes  of  graded  set,  1",  }4",  \i",  etc.   p.    Nearest  size  to  punched 
screens,  Table  ll.    t.  Sizes  in  Table,    r.  Rittinger's  screens. 
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SCREENS   FOR   SIZING. 


Table  Vn — Continued. 


Wire. 

Space. 

1 

Wire. 

Space. 

1 

It 

55 

S 

J,t 

1 

1* 

S 

■i 

f 

1 

fi 

1 

i| 

1 

1 

1 

1- 

1 

H 

1 

26 

0.018 

0.125 

8.17 

14 

22 

0.028 

0.048 

1.09 

25 

0.020 

0.123 

3.12 

14 

21 

0.081 

0.040 

1.02 

24 

0.022 

0.120 

8.05 

14 

20 

0.065 

0.086 

0.91 

28 

0.0^ 

0.118 

8.00 

16 

35 

0.009 

0.053 

1.85 

22 

0.028 

0.115 

2.92 

16 

34 

0.010 

0.062 

1.82 

21 

0.031 

0.112 

2.84 

t 

16 

88 

0.011 

O.051 

1.29 

20 

0.035 

0.108 

2.74 

16 

32 

0.012 

0.050 

1.27 

19 

r-40 

0.103 

2.61 

16 

31 

0.018 

0.049 

1.24 

18 

45 

0.098 

2.49 

16 

80 

0.014 

0.048 

1.22 

17 

'.m62 

0.090 

2.29 

16 

29 

0.015 

0.047 

1.19 

16 

«>  i61 

0.082 

2.08 

16 

28 

0.016 

0.046 

1.17 

15 

yy  1.70 

0.073 

1.85 

16 

27 

0.017 

0.045 

1.14 

8 

27 

0.1.17 

0.108 

2.74 

16 

26 

0.018 

0.044 

1.12 

8 

26 

«M.18 

0.107 

2.72 

16 

25 

0.020 

0.042 

1.07 

r 

8 

25 

0  1  GO 

0.105 

2.67 

16 

24 

0.022 

0.040 

1.02 

t 

8 

24 

n  ir22 

0.102 

2.59 

16 

28 

0.025 

0.087 

0.94 

8 

28 

^^.125 

0.100 

2.54 

16 

22 

0.028 

0.084 

0.86 

8 

22 

<t  1)28 

0.097 

2.46 

16 

21 

0.081 

0.081 

0.79 

8 

21 

"131 

0.094 

2.39 

18 

86 

0.009 

0.047 

1.19 

8 

20 

O..I35 

0.090 

2.29 

18 

85 

0.0095 

0.046 

1.17 

8 

19 

V  .40 

0.085 

2.16 

18 

34 

0.010 

0.045 

1.14 

8 

18 

u  ,45 

0.080 

2.03 

r 

18 

33 

0.011 

0.044 

1.12 

8 

17 

i.i.ii62 

0.072 

1.83 

18 

82 

0.012 

0.043 

1.09 

8 

16 

<-...«l 

0.064 

1.62 

18 

31 

0.013 

0.042 

1.07     1     D 

9 

28 

16 

0.095 

2.41 

18 

30 

0.014 

0.041 

1.04 

9 

27 

.,.^7 

0.094 

2.39 

18 

29 

0.015 

0.040 

1.02 

9 

26 

0.018 

0.093 

2.36 

18 

28 

0.016 

0.089 

0.99 

9 

25 

0.020 

0.091 

2.81 

18 

27 

0.017 

0.088 

0.96 

9 

24 

0.022 

0.089 

2.26 

18 

26 

0.018 

0.087 

0.94 

9 

23 

0.025 

0.086 

2.18 

18 

25 

0.020 

0.085 

0.89 

9 

22 

0.028 

0.083 

2.11 

18 

24 

0.022 

0.083 

0.84 

A    9 

21 

0.081 

0.080 

2.03 

t 

ja  18 

28 

0.025 

0.080 

0.76 

s? 

20 

0.035 

0.076 

1.93 

«  18 

22 

0.028 

0.027 

0.68 

19 

t).040 

0.071 

1.80 

"!  s 

36 

0.009 

0.041 

1.04 

1  I 

18 

0.045 

0.066 

1.68 

5  S 

85 

0.0095 

0.040 

1.08 

17 

0.052 

0.069 

1.50 

2  20 

34 

0.010 

0.040 

1.02 

S  10 

29 

0.015 

0.085 

2.16 

2  20 

83 

0.011 

0.089 

0.99 

1  10 

28 

0.016 

0.084 

2.13 

fi  ^ 

82 

0.012 

0.038 

0.96 

27 

0.017 

0.063 

2.11 

£  20 

81 

0.013 

0.087 

0.94 

26 

0.018 

0.082 

2.08 

8  20 

80 

0.014 

0.086 

0.91 

S  10 

25 

0.020 

0.080 

2.03 

^  s 

29 

0.015 

0.085 

0.89 

p 

10 

24 

0.022 

0.078 

1.98 

20 

28 

0.016 

0.034 

0.86 

10 

23 

0.025 

0.075 

1.90 

20 

27 

0.017 

0.088 

0.84 

10 

22 

0.028 

0.072 

1.83 

•     20 

26 

0.018 

0.062 

0.81 

10 

21 

0.031 

0-069 

1.75 

20 

25 

0.020 

0.030 

0.76 

10 

20 

o.oa5 

0.065 

1.65 

20 

24 

0.022 

0.027 

0.68 

10 

19 

0.040 

0.060 

1.52 

ao 

28 

0.025 

0.025 

0.63 

10 

18 

0.045 

0.055 

1.40 

22 

36 

0.009 

0.038 

0.97 

12 

30 

0.014 

0.069 

1.75 

22 

35 

0.0095 

0.088 

0.96 

12 

29 

0.015 

0.068 

1.73 

22 

84 

0.010 

0.087 

0.94 

12 

28 

0.016 

0.067 

1.70 

22 

33   • 

0.011 

0.036 

0.91 

12 

27 

0.017 

0.066 

1.68 

22 

82 

0.012 

0.035 

0.89 

12 

26 

0.018 

0.065 

1.65 

22 

31 

0.013 

0.081 

0.86 

12 

25 

0.020 

0.063 

1.60 

f 

22 

80 

0.014 

0.033 

0.84 

12 

24 

0.022 

0.061 

1.55 

22 

29 

0.015 

0.032 

0.81 

12 

23 

0.025 

0.068 

1.47 

p 

22 

28 

0.016 

0.081 

0.79 

f 

12 

22 

0.028 

0.055 

1.40 

rt 

22 

27 

0.017 

0.080 

0.76 

12 

21 

0.031 

0.052 

1.32 

22 

96 

0.018 

0.029 

0.74 

12 

20 

0.035 

0.048 

1.22 

22 

25 

0.020 

0.027 

0.68 

12 

19 

0.040 

0.043 

1.09 

22 

24 

0.022 

0.025 

0.63 

14 

34 

0.010 

0.061 

1.55 

24 

36 

0.U09 

0.033 

0.84 

14 

38 

O.Oll 

0.060 

1.52 

24 

35 

0.0095 

0.082 

0.81 

14 

32 

0.012 

0.059 

1.50 

24 

84 

0.010 

0.082 

0.80 

14 

31 

0.013 

0.a58 

1.47 

24 

38 

0.011 

0.031 

0.79 

14 

30 

0.014 

0.057 

1.45 

24 

32 

0.012 

0.080 

0.76 

14 

29 

0.015 

0.056 

1.42 

24 

31 

0.013 

0.029 

0.74 

p 

14 

28 

0.01(5 

0.055 

1.40 

24 

30 

0.014 

0.028 

0.71 

i 

14 

27 

0.017 

0.054 

1.37 

24 

29 

0.015 

0.027 

0.68 

14 

26 

0.018 

O.a'iS 

1.35 

24 

28 

0.016 

0.026 

0.66 

T 

14 

25 

0.020 

0.051 

1.29 

24 

27 

0.017 

0.025 

0.63 

14 

24 

0.022 

0.049 

1.24 

P 

24 

26 

0.018 

0.024 

0.61 

14 

23 

0.025 

0.046 

1.17 

,        24 

25 

0.020 

0.022 

0.56 

/.  Nearest  approach  to  sizes  of  graded  set,  1",  >i",  ^",  etc.    p.  Nearest  size  to  punched 
screens,  Table  II.    t.  Sizes  in  Table,    r.  Rittiuger's  screens. 

[22] 


SCREENS   FOR   SIZING. 


445 


Table  VII. — Concluded. 


Wire. 

Space. 

1 

1 

Wire. 

Space. 

1 

It 

S5 

8 

=ig 

1 

**  8 

^ 

•^e 

1 

i 

1 

►H 

i^ 

^B 

i 

i 

3m 

M 

if 

1 

26 

36 

0.009 

0.029 

0.74 

45 

84 

0.010 

0.012 

0.80 

26 

85 

0.0095 

0.029 

0.78 

46 

38 

0.011 

0.011 

0.28 

26 

34 

0.010 

0.028 

0.71 

45 

82 

0.012 

0.010 

0.25 

26 

S3 

0.011 

0.027 

0.68 

p 

50 

87 

0.0085 

0.011 

0.29 

26 

82 

0.012 

0.026 

0.66 

50 

36 

0.009 

O.Oll 

0.28 

26 

81 

0.018 

0.025 

0.63 

60 

35 

0.0095 

0.010 

0.27 

26 

80 

0.014 

0.024 

0.61 

50 

34 

0.010 

0.010 

0.25 

rt 

26 

29 

0.015 

0.028 

0.58 

50 

88 

0.011 

0.009 

0.28 

26 

28 

0.016 

0.022 

0.56 

50 

32 

0.012 

0.008 

0.20 

26 

27 

0.017 

0.021 

0.63 

55 

38 

0.008 

0.010 

0.25 

26 

26 

0.018 

0.020 

0.61 

55 

87 

0.0065 

0.010 

0.24 

28 

36 

0.009 

0.027 

0.68 

55 

36 

0.009 

0.009 

0.23 

28 

85 

0.0096 

0.026 

0.67 

66 

86 

0.0096 

0.009 

0.22 

28 

84 

0.010 

0.026 

0.66 

55 

84 

0.010 

0.008 

0.20 

28 

88 

0.011 

0.025 

0.63 

60 

88 

0.006 

0.009 

0.22 

28 

82 

0.012 

0.024 

0.61 

P 

60 

87 

0.0085 

0.008 

0.20 

28 

81 

0.013 

0.028 

0.58 

60 

86 

0.009 

0.008 

0.19 

f 

28 

80 

0.014 

0.022 

0.56 

60 

85 

0.0096 

0.007 

0.18 

A  28 

11 

29 

0.015 

0.021 

0.58 

.  60 

84 

0.010 

0.007 

0.16 

28 

0.016 

0.020 

0.51 

•g  64 

88 

0.006 

0.008 

0.19 

27 

0.017 

0.018 

0.48 

a  64 

87 

0.0066 

0.007 

0.18 

lis 

86 

0.009 

0.024 

0.62 

"S  64 

86 

0.009 

0.007 

0.17 

t 

35 

0.0095 

0.024 

0.60 

1  6* 
Q  64 
^  70 

85 

0.0096 

0.006 

0.16 

580 

34 

0.010 

0.028 

0.58 

34 

0.010 

0.006 

0.15 

11 

88 

0.011 

0.022 

0.56 

P 

89 

0.0075 

0.007 

0.17 

82 

0.012 

0.021 

0.58 

8  70 

38 

0.008 

0.006 

0.15 

r 

81 

0.018 

0.020 

0.51 

tp 

•9  70 
S  70 

87 

0.0086 

0.006 

0.14 

»  «> 

80 

0.014 

0.019 

0.48 

86 

0.009 

0.006 

0.13 

80 

29 

0.015 

0.018 

0.46 

P 

a  70 

35 

0.0096 

0.005 

0.12 

80 

28 

0.016 

0.017 

0.43 

74 

89 

0.0075 

0.006 

0.15 

85 

36 

0.009 

0.019 

0.50 

74 

38 

0.0080 

0.005 

0.14 

85 

35 

0.0096 

0.019 

0.48 

74 

87 

0.0085 

0.006 

0.13 

35 

34 

0.010 

0.018 

0.46 

74 

86 

0.0090 

0.004 

0.12 

85 

38 

0.011 

0.017 

0.48 

p 

74 

35 

0.0096 

0.004 

0.10 

&5 

82 

0.012 

0.016 

0.41 

80 

39 

0.0075 

0.005 

0.13 

85 

81 

0.013 

0.015 

0.88 

rpf 

80 

88 

O.OOHO 

O.OOl 

0.12 

t 

85 

80 

0.014 

0.014 

0.85 

80 

37 

0.0085 

0.004 

0.10 

35 

29 

0.015 

0.013 

0.88 

80 

86 

0.0090 

0.008 

0.09 

40 

87 

0.0085 

0.016 

0.42 

80 

85 

0.0096 

0.008 

0.08 

40 

86 

0.009 

0.016 

0.41 

90 

40 

0.0070 

O.OOl 

0.10 

40 

35 

0.0095 

0.015 

0.40 

90 

89 

0.0075 

0.004 

0.09 

tf 

40 

81 

0.010 

0.015 

0.3K 

90 

38 

0.0060 

0.008 

0.08 

40 

88 

0,011 

0.014 

0.85 

tp 

90 

37 

0.0085 

0.008 

0.07 

40 

82 

0.012 

0.013 

0.38 

90 

36 

0.0090 

0.002 

0.05 

40 

81 

0.013 

0.012 

0.80 

100 

40 

O.WJO 

0.008 

0.08 

45 

37 

0.0085 

0.014 

0.85 

100 

39 

0.0075 

0.008 

0.07 

t 

45 

36 

0.009 

0.018 

0.34 

100 

88 

0.0080 

0.002 

0.06 

45 

35 

0.0095 

0.018 

0.82 

wlOO 

37 

0.0085 

0.001 

0.04 

/.  Nearest  approach  to  sizes  of  graded  set,  1",  }^'\  %".  etc. 
screens,  Table  II.    U  Sices  In  Table,    r.  Rittlnger's  screens. 


p.  Nearest  size  to  punched 
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[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


Effect  of  Low  Temperature  on  the  Recovery  of 
Steel  Prom  Overstrain. 

BY  B.  J.  MCCAU8TLAND,  ITHACA,  N.  Y. 
(London  Meeting.  July,  1906.) 

The  behavior  of  steel  after  overstrain  and  at  moderate  tem- 
peratures is  fairly  well  known.  It  has  been  made  the  subject 
of  inuch  investi^tion,  and  our  knowledge  is  clear  and  definite 


Snpplemetary  diagramatic  charts,  showing  the  results  of  the 
heat-treatment  of  Specimens  Nos.  1  to  12,  will  be  published 
in  BirMonMy  JBuUetm,  No.  10,  July,  1906.  Owing  to  the  loss 
in  transit  of  several  blocks,  it  has  not  been  possible  to  have 
new  ones  made  in  time  for  publication  in  this  number  of  the 
Bulletin. 

J.  8.,  mUor. 


suits  of  tests  along  this  particular  ]ine. 

The  effect  of  time  and  temperature  on  the  recovery  of  steel 
from  overstrain  was  made  in  1902-3  the  subject  of  some  in- 
vestigation in  the  laboratories  of  the  College  of  Civil  Engi- 
neering of  Cornell  University.  A  general  plan  was  outlined  in 
connection  with  the  regular  courses  of  instruction  in  testing  of 
materials ;  but  the  press  of  routine  work  and  the  demands  of 
the  schedules  on  the  time  of  the  students  were  so  great  as  to 
presage  long  delay  in  the  completion  of  the  work.  Not  much 
had  been  accomplished  up  to  1904-05,  when  Messrs.  E.  C. 

*  Phytieal  Review,  vol.  xv.,  No.  2,  August,  1902. 
[1] 


gPBJBCT  TO  BEVIBION. 

[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


Effect  of  Low  Temperature  on  the  Recovery  of 
Steel  From  Overstrain. 

BY  B.  J.  MCCAU8TLAND,  ITHACA,  N.  Y. 
(London  Meeting.  July,  1906.) 

The  behavior  of  steel  after  overstrain  and  at  mode 
peratures  is 


SoppJemetary  diagramatic  charts,  showing  the  results  ^f  ^  , 
heaWreatment  of  Specimens  Nos.  1  to  12,  will  be  publiBbea 
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suits  of  tests  along  this  particular  line. 

The  effect  of  time  and  temperature  on  the  recovery  of  gt 
from  overstrain  was  made  in  1902-3  the  subject  of  some  " 
vestigation  in  the  laboratories  of  the  College  of  Civil  Euff*" 
neering  of  Cornell  University.  A  general  plan  was  outlined  in 
connection  with  the  regular  courses  of  instruction  in  testing  of 
materials ;  but  the  press  of  routine  work  and  the  demands  of 
the  schedules  on  the  time  of  the  students  were  so  great  as  to 
presage  long  delay  in  the  completion  of  the  work.  Not  much 
had  been  accomplished  up  to  1904-05,  when  Messrs.  E.  C 
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Steel  Prom  Overstrain. 
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The  behavior  of  steel  after  overstrain  and  at  moderate  tem- 
peratures is  fairly  well  known.  It  has  been  made  the  subject 
of  much  investigation,  and  our  knowledge  is  clear  and  definite 
on  many  points.  The  ultimate  raising  of  the  elastic  limit,  after 
moderate  overstrain,  and  the  consequent  lowering  of  the  duc- 
tility, seem  to  be  well  established.  It  is  also  well  understood 
that  the  immediate  effect  of  overstrain  is  to  lower  the  elastic 
limit,  possibly  to  zero,  but  that  if  not  interfered  with,  this  limit 
will  subsequently  rise  higher  than  before.  The  "  tests  after 
moderate  temperature,"  reported  in  this  paper,  were  under- 
taken to  verify  the  above  statements  for  the  particular  steel 
under  investigation,  and  also  to  determine,  if  possible,  the 
total  time  required  for  complete  recovery  from  this  state  of 
overstrain. 

The  behavior  of  overstrained  steel  at  temperatures  at  or  be- 
low 32®  F.  is  not  so  well  known.  Tests  made  by  Prof.  E.  G. 
Coker,  at  McGill  University,*  show  that  steel,  overstrained  and 
subjected  to  cold,  will  remain  in  a  state  of  overstrain  for  an 
indefinite  period.  I  am  not  aware  of  any  other  published  re- 
sults of  tests  along  this  particular  ]ine. 

The  effect  of  time  and  temperature  on  the  recovery  of  steel 
from  overstrain  was  made  in  1902-3  the  subject  of  some  in- 
vestigation in  the  laboratories  of  the  College  of  Civil  Engi- 
neering of  Cornell  University.  A  general  plan  was  outlined  in 
connection  with  the  regular  courses  of  instruction  in  testing  of 
materials ;  but  the  press  of  routine  work  and  the  demands  of 
the  schedules  on  the  time  of  the  students  were  so  great  as  to 
presage  long  delay  in  the  completion  of  the  work.  Not  much 
had  been  accomplished  up  to  1904-05,  when  Messrs.  E.  C. 
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Johnson  and  W.  F.  Pond  chose  this  subject  for  a  thesis-inves- 
tigation  under  my  direction ;  and  I  am  indebted  to  these  gen- 
tlemen for  much  of  the  experimental  data  upon  which  this 
paper  is  based.  Altogether,  about  120  separate  tests  were 
made,  of  which  only  a  few  are  here  reported.      As  instructor, 

1  was  in  close  touch  with  the  experimental  work  in  all  its 
stages,  although  the  actual  manipulation  of  the  testing-appar- 
atus was  done  by  Messrs.  Johnson  and  Pond.  The  experience 
gained  in  planning  the  tests  of  the  previous  two  years  was 
sufficiently  extended  and  definite  to  permit  the  adoption  of  the 
following  more  satisfactory  outline  of  procedure  for  the  tests 
here  reported  : 

This  outline  as  planned,  and  with  brief  explanation,  is  given 
in  full  here  for  reference : — 

Scheme  of  Experiments. 

I.  Tests  After  Moderate  Temperatures, — Investigate  the  effect 
of  time  on  the  recovery  of  steel  from  overstrain,  the  specimen 
being  subjected  to  moderate  temperatures  only, — L  e.j  tempera- 
tures ranging  from  60°  to  70°  F. 

n.  Tests  After  High  Temperatures. — Investigate  the  acceler- 
ating effect  of  high  temperature  on  the  time  of  recovery  of  steel 
from  overstrain  (The  high  temperature  referred  to  through- 
out this  paper  is  that  of  saturated  steam). 

III.  Tests  After  Lew  Temperatures. — Investigate  the  retard- 
ing effect  of  low  temperatures, — L  «.,  temperatures  below 
32°  F.,  on  the  time  of  recovery  of  steel  from  overstrain. 

IV.  Tests  After  Low^High  and  After  Low^Moderate  Tem- 
peratures,— Investigate  the  effect  of  high  and  also  of  moderate 
temperatures  on  the  recovery  of  overstrained  steel  which  has 
been  subjected  for  a  considerable  period  to  a  low  temperature. 

Materials   Used  in  These  Tests, 
Two  kinds  of  steel  were  used  in  making  these  tests : 

1.  The  grade  known  as  "  extra  soft,"  the  specimen  being 

2  in.  wide  and  cut  from  a  f  in.  plate,  thus  giving  a  sectional 
area  of  1.25  sq.  in.  The  pieces  were  sheared  wider  than  2  in. 
and  then  milled  down  to  gauge. 

2.  A  mild  steel,  received  in  the  form  of  f  in.  round  rods, 
which  were  not  turned  down  at  all,  but  were  tested  with  the 
"  skin  "  on.     The  area  of  these  rods  was  taken  as  0.312  sq.  in. 
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Methods  of  Testing. 

The  general  method  followed  in  making  these  tests  was  the 
same  for  all  the  pieces  tested.  Measurements  were  taken  to 
determine  elongations  on  a  gauge-length  of  8  in.,  the  exten- 
someter  apparatus  being  of  the  double  micrometer  screw  type 
with  electric  contact,  and  reading  directly  to  0.001  in.,  and  by 
estimation  to  0.0001  in.  This  form  of  micrometer  allows  read- 
ings to  be  taken  on  opposite  sides  of  the  specimen,  so  that  the 
mean  of  the  readings  gives  the  true  relative  deformations  of 
the  piece.  To  determine  the  stress-deformation  relations,  loads 
were  applied,  increasing  by  equal  increments,  and  the  microm- 
eters were  read  at  each  loading,  to  determine  the  elongations. 
The  load  was  occasionally  reduced  to  zero,  and  the  micrometers 
were  read  in  order  to  determine  the  amount,  if  any,  of  the  per- 
manent elongation  of  the  piece.  In  the  accompanying  tables, 
the  loads  are  reduced  to  pounds  per  sq.  in.;  and  the  elongations 
determined  from  the  micrometer-readings  are  reduced  to 
inches  per  inch  of  length  of  specimen. 

Cyclical  Loadings, — When  it  was  found  that  the  elastic  limit 
had  been  slightly  exceeded,  and  a  permanent  stretch  of  from 
0.08  to  0.06  in.  in  the  8-in.  gauge-length  had  taken  place,  the 
load  was  entirely  removed ;  the  micrometers  were  reset  to  8-in. 
gauge ;  and  a  second  test  was  made  with  loads  rising  by  equal 
increments  up  to  a  point  slightly  beyond  the  original  elastic 
limit,  and  then  returning  by  equal  decrements  to  zero.  So 
long  as  the  specimen  was  in  a  state  of  overstrain,  the  plotting 
of  the  elongations  for  these  cyclical  loadings  would  form  a  so- 
called  "hysteresis-loop,"  caused  by  the  failure  of  the  elastic 
forces  within  the  piece  to  assert  themselves  promptly  upon  the 
removal  of  the  external  load.  The  width  of  these  loops,  un- 
der repeated  loadings,  would  be  reduced  in  proportion  to  the 
recovery  from  the  state  of  overstrain.  After  the  first  cyclical 
loading,  the  bars  were  subjected  to  the  temperature-conditions 
described  for  the  separate  tests,  and  the  cyclical  loadings  were 
repeated  at  varying  intervals  in  order  to  follow  the  process 
of  recovery,  or  to  demonstrate  its  acceleration  or  its  complete 

arrest. 

Temperature  Conditions, 

The  "  moderate  "  temperatures  referred  to  throughout  this 

paper  are  those  'usually  prevailing  in  a  room  adjoining  the 
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laboratory,  which  varied  from  to  60°  to  70°  F.  The  "  high '' 
temperatures  refer  to  those  cases  in  which  the  specimen  was 
subjected  for  45  min.  to  a  steam-bath  in  a  copper  boiler.  The 
**  low  "  temperatures  were  obtained  by  placing  the  specimens 
in  one  of  the  refrigerating-rooms  near  the  laboratory.  A  record 
of  the  temperatures  prevailing  in  this  room  throughout  the 
period  of  these  tests,  shows  that  at  no  time  did  the  ther- 
mometer register  above  80°  F.  For  purposes  of  testing,  the 
specimens  were  transported  to  and  from  the  cold-storage  room 
in  a  small  box  packed  with  ice.  During  the  tests,  the  tem- 
perature of  the  laboratory  was  kept  as  low  as  possible,  by  clos- 
ing the  doors  and  opening  the  windows  to  the  outer  air.  Since 
all  the  tests  after  "  low  "  temperatures  were  made  during  the 
winter,  the  highest  temperature  reached  in  the  laboratory  dur- 
ing these  tests  was  41°  F.  The  specimens  were  kept  packed 
in  ice,  except  the  ends,  which  were  left  free,  until  wedged  in 
the  testing-machine,  the  pack  being  removed  just  previously 
to  the  attachment  of  the  micrometers.  A  cyclical  test  could 
ordinarily  be  run  in  about  30  min.,  so  that  the  effect  of  any 
small  rise  in  temperature  during  the  test  was  of  no  practical 
importance. 

Explanation  of   Tabulations  and  Curves. 

In  arranging  the  tables  which  follow,  botfr  for  the  stress- 
deformation  tests  and  for  the  results  of  the  cyclical  loadings, 
an  attempt  has  been  made  to  condense  the  figures  to  the  lowest 
possible  limit  consistent  with  completeness.  The  original  record, 
or  log  of  tests,  included  the  total  applied  load  and  the  two  sep- 
arate micrometer-readings.  In  these  tables  the  loads  have  been 
reduced  to  pounds  per  sq.  in.,  and  only  the  mean  of  the  simul- 
taneous micrometer-readings  is  given.  From  these  mean  values 
the  unit-elongations,  included  in  the  tables,  have  been  com- 
puted, which  indicate  the  amount  of  stretch,  per  in.  of  length, 
for  the  recorded  load  in  pounds  per  sq.  in.  The  manner 
in  which  the  curves  are  drawn  from  the  tabular  values  is 
obvious.  The  elastic  limit  of  a  specimen  is  determined  from 
an  inspection  of  the  stress-deformation  diagram. '  The  total 
permanent  stretch  taking  place  in  the  gauge-length  of  8  in.  was 
determined  for  each  specimen  by  a  complete  release  of  the 
load  and  an  observation  of  the  micrometer-refladings.      In  tab- 
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ulating  the  results  of  the  cyclical  loadings,  a  single  column  for 
the  applied  loads  is  made  to  serve  for  a  number  of  tests,  in  or- 
der to  save  space  on  the  printed  page. 

Discussion  of  Tests  by  Groups, 

Moderate  Temperatures. — About  40  tests  were  made  on  eight 
difterent  specimens  kept  at  moderate  temperatures,  and  of  these 
specimens,  two  of  each  kind  of  steel  have  been  chosen  as 
representing  the  typical  behavior  for  these  conditions.  Speci- 
mens Nos.  1  and  2,  although  of  the  same  kind  of  steel,  differ 
somewhat  in  behavior.  The  ratio  of  deformation  to  stress 
above  a  load  of  88,000  lb.  is  considerably  greater  in  Specimen 
No.  2,  notwithstanding  the  fact  that  it  has  a  slightly  higher 
elastic  limit  than  Specimen  No.  1.  On  occount  of  this  fact,  the 
cyclical  loadings  were  not  run  up  to  such  high  values  for  No.  2 
as  for  No.  1.  While  the  tests  on  Specimen  No.  1  did  not  ex- 
tend beyond  the  69-hr.  period,  it  is  to  be  noticed  that  although 
the  recovery  was  practically  complete,  yet  a  slight  difference  in 
the  elongations  on  the  return-load  may  still  be  observed. 

The  curves  for  Specimens  Nos.  8  and  4,  of  mild  steel,  agree 
more  closely,  notwithstanding  the  fact  that  the  time  of  re- 
covery is  somewhat  widely  difterent.  It  is  probable  that  the 
total  stretch  of  No.  3,  being  considerably  greater  than  that  of 
No.  4,  would  operate  to  retard  the  time  of  complete  recovery. 
A  number  of  cyclical  loadings,  not  included  in  the  tables,  were 
run  on  both  these  specimens.  A  comparison  of  the  average 
-times  of  recovery  for  the  two  kinds  of  steel  shows  that  the 
mild  steel  recovers  much  more  slowly  than  does  the  soft  steel. 

JSigh  Temperatures. — In  this  group,  seven  specimens  were 
tested,  a  large  number  of  observations  being  taken  which  are  not 
here  included.  Specimens  Nos.  5  and  6  were  of  the  soft  steel, 
and  the  sets  of  curves  are  very  much  alike.  Attention  is 
drawn  to  the  differences  in  the  form  of  loop  No.  8  for  the  two 
specimens.  In  Specimen  No.  5  the  cycle  marked  No.  3  was 
taken  immediately  after  the  removal  of  the  piece  from  the 
steam-bath,  the  temperature  having  been  so  reduced  that  the 
piece  could  be  easily  handled.  In  Specimen  No.  6  the  corre- 
sponding cycle  was  delayed  for  about  an  hour  after  the  re- 
moval from  the  bath ;  and  this  delay  resulted  in  the  formation 
of  a  much  narrower  loop  from  the  test. 
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Only  two  specimens  of  mild  steel,  Nos.  7  and  8,  were  tested 
for  the  effect  of  high  temperature,  and  these  results  for  both 
are  given.  It  is  very  probable  that  the  wide  difference  in  the 
time  of  recovery  of  these  two  specimens  was,  in  large  measure, 
due  to  the  difference  in  the  maximum  load  attained  in  the  re- 
spective cycles,  which,  although  it  amounted  to  only  700  lb.  per 
sq.  in.,  would  have  a  comparatively  large  effect  in  the  region 
of  the  elastic  limit.  The  excess  of  permanent  elongation  in 
the  case  of  Specimen  No.  8  can  scarcely  be  held  accountable 
for  any  large  part  of  this  increase  in  the  time  required  for  com- 
plete recovery. 

Loio  Temperatures, — In  this  group  also,  seven  separate  pieces 
were  tested,  and  the  results  on  four  of  the  specimens  are  here 
given.  The  stress-deformation  relations  in  Specimen  No.  9,  a 
piece  of  soft  steel,  were  determined  in  the  usual  manner,  and 
the  test  was  followed  at  once  by  the  cyclical  loading,  the  curve 
for  which  is  plotted  as  No.  2  on  the  diagram  for  this  specimen. 
The  piece  was  at  once  removed  from  the  machine,  packed  in 
ice,  and  placed  in  cold  storage,  from  which  it  was  removed  for 
a  cyclical  loading-test  at  intervals  covering  a  period  of  2,112 
hours.  Curve  No.  5  indicates  the  condition  of  the  piece  after 
it  had  been  at  a  freezing-temperature  for  this  number  of  hours, 
and,  in  addition,  had  rested  at  a  moderate  temperature  for  a 
period  of  24  hr.  There  is  no  indication  whatever  of  recovery 
in  this  time.  On  the  contrary,  there  seems  to  be  a  gradual 
widening  of  the  loop  throughout  the  whole  period,  which 
would  indicate  a  gradual  breaking  down  of  the  material.  In 
all,  13  cycles  were  run  on  this  piece,  only  seven  of  which  are 
plotted  on  the  diagram.  Cycles  plotted  as  curves  No.  6,  7  and 
8  were  chosen  at  such  time-intervals  as  would  best  show  the 
slow  but  fairly  uniform  recovery  of  the  material  from  a  state 
of  overstrain. 

Specimen  No.  10,  a  piece  of  soft  steel,  was  tested  in  much 
the  same  manner  as  No.  9,  but  was  left  for  a  much  longer 
period  under  the  influence  of  low  temperature.  The  piece  was 
originally  tested  in  April  and  remained  in  cold  storage  all 
summer,  the  final  tests  being  made  in  November.  Immediately 
after  cycle  No.  5  was  taken,  4,728  hr.  after  the  original  test, 
the  piece  was  placed  in  the  laboratory  at  moderate  tempera- 
ture, and  cycles  were  run  at  varying  intervals  of  time  to  follow 
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the  process  of  recovery.  Cycle  No.  6,  taken  120  hr.  later,  in- 
dicates an  almost  complete  recovery  of  the  elastic  properties 
with  a  marked  rise  of  the  elastic  limit.  The  figures  from 
which  cycle  No.  6  was  plotted  are  not  given.  It  is  to  be  noted 
that  the  time  of  recovery  at  moderate  temperature  of  these 
specimens  of  extra  soft  steel,  is  about  double  the  time  required 
in  the  cases  of  those  pieces  which  had  not  been  subjected  to 
the  influence  of  low  temperature  for  any  time. 

Specimen  No.  11,  a  piece  of  mild  steel,  was  tested  in  the 
same  manner  as  Nos.  9  and  10,  and  was  then  subjected  to  low 
temperature,  its  condition  after  2,708  hr.  being  indicated  in 
the  plot  of  cycle  No.  4.  The  piece  was  then  placed  in  a  steam- 
bath  for  45  min.,  after  which  it  was  left  at  moderate  tempera- 
ture. Its  condition  at  the  end  of  24  hr.  after  the  steam-bath, 
is  indicated  in  curve  No.  5;  and  the  following  curves  show 
a  gradual  recovery  until  curve  No.  8,  taken  93  hr.  later,  when 
the  process  of  recovery  seems  to  be  practically  complete.  This 
is  the  only  piece  of  mild  steel  that  was  tested  under  these  par- 
ticular temperature-conditions ;  but  the  results  obtained  seem 
to  be  remarkably  consistent  among  themselves. 

Specimen  No.  12,  of  soft  steel,  was  subjected  to  the  same 
treatment  as  No.  11,  and  at  the  end  of  a  period  of  2,111  hr., 
during  which  it  had  been  subjected  to  .a  temperature  below 
32°  P.,  it  showed  little  or  no  signs  of  recovery  from  the  effects 
of  the  previous  overstrain.  The  piece  was  then  placed  in  a 
steam-bath  for  45  min.,  and  then  left  at  moderate  temperature 
for  further  tests.  At  the  end  of  24  hr.  a  cyclical  loading  test 
was  made,  the  results  of  which  are  plotted  in  curve  No.  5. 
This  test  showed  that  complete  recovery  had  taken  place.  The 
more  rapid  recovery  of  this  piece,  as  compared  with  that  of 
the  mild  steel,  Specimen  No.  11,  is  very  marked. 

Summary  of  Tests  and  Conclusions. 

Table  I.  gives  a  summary  of  the  tests,  so  that  the  time  of  re- 
covery from  overstrain  under  different  temperature-conditions, 
and  for  the  two  kinds  of  steel,  may  be  appreciated  at  a  glance. 

An  examination  of  Table  I.  shows  clearly  that  all  the  tests, 
of  which  specimens  Nos.  1  to  8  are  types,  exhibit  results  quite 
in  harmony  with  those  obtained  by  other  experimenters  along 
these  lines.      I  am  not  aware  of  any  tests  which  take  into  ac- 
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Table  I. — Summary  of  Teats. 


No. 

Kind. 

1 

Soft. 

2    . 

Soft. 

3 

Mild. 

4 

Mild. 

6 

Soft. 

6 

Soft. 

7 

Mild. 

8 

Mild. 

9 

Soft. 

10 

Soft 

11 

Mild. 

12 

Soft. 

Time  of  Recovery. 


Elastic 

Stretch  In 

Honis  of 

Limit. 

8  Inches. 
Incbesr 

Freezing. 
Temp. 

Lb.Sq.In. 
27,600 

0.0339 

None. 

28,000 

0.0366 

None. 

32,000 

0.0632 

None. 

32,000 

0.0372 

None. 

28,000 

0.0517 

None. 

28,000 

0.0512 

None. 

30,000 

0.0129 

None. 

30,000 

0.0147 

None. 

27,000 

0.0244 

2,112 

27,600 

0.0462 

4,727 

30,000 

0.0206 

2,707 

28,600 

0.0468 

2,111 

Moderste 
Temp. 

After 
Steam  Bath. 

68 

69 

434 

359 

26 

26 

24 

119 

142 
120 

93 

24 

Remarks. 


Increased  time 
of  recoveiy 
due  to  greater 
stretch. 

Increased  time 
of  recovery 
possibly  due 
to  higher  cy- 
clical loading. 


count  the  variation  in  the  carbon-content  of  the  steel,  as  aifect- 
ing  the  time  of  recovery  from  overstrain ;  but  it  appears  from 
these  experiments  that  recovery  is  more  gradual  as  the  carbon 
increases.  Specimens  Nos.  5  and  6,  of  soft  steel,  show  in  a 
marked  degree  the  accelerating  eftect  of  high  temperature  on 
the  time  of  recovery.  Since  only  two  tests.  Specimens  Nos.  7 
and  8,  were  made  on  the  mild  steel,  and  since  these  show 
widely  varying  results  as  to  time  of  recovery  after  the  applica- 
tion of  heat,  it  can  be  concluded  only  that  high  temperatures 
hasten  recovery  to  a  degree  which  remains  uncertain  without 
further  tests.  As  to  these  particular  pieces,  it  may  be  possible 
that  the  difference  in  time  of  recovery  is  due,  to  some  extent 
at  least,  to  the  higher  cyclical  loading  to  which  Specimen  No. 
8  was  subjected. 

With  regard  to  the  question  upon  which  it  was  the  object  of 
these  experiments  to  obtain  light,  the  evidence  appears  con- 
clusive that  the  effect  of  continued  low  temperature  on  a  piece 
of  steel  which  has  been  stretched  slightly  beyond  the  elastic 
limit,  is  to  arrest  completely  the  recovery  of  its  elastic  proper- 
ties. That  is,  if  the  permanent  elongation  has  not  exceeded, 
say,  1  per  cent.,  no  recovery  of  elastic  properties  will  take 
place  while  the  specimen  is  kept  at  a  temperature  at  or  below 
32°  F.  Maxwell,*  in  his  article  on  "  Constitution  of  Bodies," 
says :  **  We  know  that  several  substances,  such  as  gutta-percha, 
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india-rubber,  etc.,  may  be  permanently  stretched  when  cold, 
and  yet,  when  afterwards  heated  to  a  certain  temperature,  they 
recover  their  original  form."  This  appears  to  be  true  in  the 
case  of  steel,  provided  the  deformation  has  not  been  exces- 
sive. No  difference  can  be  appreciated  in  this  regard  between 
the  two  kinds  of  steel  included  in  these  tests.  Nor  does  it  ap- 
pear that  the  possibility  of  a  final  recovery  is  at  all  interfered 
with  by  a  long  period  of  rest  at  a  temperature  below  the  32°  F. 
In  the  soft  steel  Specimens  Nos.  9  and  10,  it  is  true  that  the 
time  required  for  recovery  after  the  specimen  was  removed 
from  the  influence  of  the  low  temperature,  was  considerably 
greater  than  in  the  case  of  those  specimens,  Nos.  1  and  2,  which 
had  never  been  subjected  to  anything  but  moderate  tempera- 
tures. In  my  opinion,  however,  this  difference  in  the  time  of 
recovery  was  due,  not  to  previous  temperature-conditions,  but 
rather  to  the  differences  in  the  percentages  of  elongation  in  the 
various  specimens.  As  a  final  remark,  having  for  its  purpose 
the  suggestion  of  an  explanation  of  the  foregoing  phenomena, 
the  closing  paragraph  of  Prof.  Maxwell's  article,  already  cited, 
is  pertinent : — 

"  This  view  of  the  constitution  of  a  solid,  as  consisting  of  groups  of  molecules, 
some  of  which  are  in  different  circumstances  from  others,  also  helps,  to  explain 
the  state  of  the  solid  after  a  permanent  deformation  has  been  given  to  it.  In  this 
case  some  of  the  less  stable  groups  have  broken  up  and  assumed  new  configura- 
tions, but  it  is  quite  possible  that  others,  more  stable,  may  still  retain  their  orig- 
inal configurations,  so  that  the  form  of  the  body  is  determined  by  the  equilib- 
rium between  these  two  sets  of  groups  ;  but  if,  on  account  of  rise  of  temperature, 
increase  of  moisture,  violent  vibration,  or  any  other  cause,  the  breaking  up  of 
the  less  stable  groups  is  facilitated,  the  more  stable  groups  may  again  assert  their 
sway  and  tend  to  restore  the  body  to  the  shape  it  had  before  its  deformation. '^ 
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Table  II. — Stress-Deformation  Tests — Extra  Soft  Steel. 

Section,  |  in.  by  2  in.     Area,  1.25  sq.  in.     Measurement  on  8-in.  length. 
Specimen  1.  Specimen  2. 


|i 

s 

»^ 

8 
f> 

s 

Sua 

a  . 

Qji 

§  . 

&S 

£  a 

^^^^ 

h 

s. 

Remarks. 

0.00000 

Remarks. 

0 

0.5479 

0.00000 

0.6506 

8,200 

0.5472 

0.00009 

0.6497 

0.00010 

6.400 

0.5461 

0.000221 

0.6490 

0.00019 

9,600 

0.5453 

0.00032 

0.6482 

0.00029 

12,800 

0.5443 

0.000451 

0.6474 

0.00039 

16,000 

0.5434 

0.000671 

0.6465 

0.00050 

19.200 

0.5424 

0.00069 

0.6457 

0.00060 

22.400 

0.5412 

0.00084 

0.6450 

0.00070 

25,600 

0.5394 

0.00106  Elastic  limit,  27,500  lb.  per 

0.6441 

0.00080 

Elastic  limit,  28,000  lb.  per 

28,800 

0.5372 

0.00134     sq.  in. 

0.6419 

0.00107>    sq.  in. 

29,600 

0.5865 

0.00142 

0.6370 

0.00170, 

30,400 

0.5345 

0.00168 

0.6190 

0.00394 

81,200 

0.5335 

0.00180 

82.000 

0.5315 

0.00205 

32,800 

0.5212 

0.00834 

33,600 

0.5048 

0.00540 

Permanent  stretch  in  8  in. 

Permanent  stretch  in  8  in. 

0 

0.5140 

0.00124 

=  8  by  0.00424  =  0.08S9  in. 

0.6212 

0.00366 

=  8bya00966=-0.0298in. 

Stress-Deformation  Tests — MUd  Steel. 

Bound  rods.     Diam.,  0.68  in.     Area,  0.312  sq.  in. 
Specimen  3.  Specimen  4. 


B 

P 

1 

b 

1 

S 

n  ^2 

0X3 
p  O 

Ss 

1 

il 

Remarks. 

ft 

§1 

a  ^ 

IS. 

Remarks. 

2 

0.00000 

3?* 

u 

0 

0.5595 

0.5978 

0.00000 

3,200 

0.5585 

0.00012 

0.5963 

0.00012 

6,400 

0.5577 

0.00022 

0.5952 

0.00026 

9.600 

0.5568 

0.00034 

0.5944 

0.00086 

12,800 

0.5560 

0.00044 

0.5935 

0.00047 

16,000 

0.5550 

0.00056 

0.5926 

o.ooaw 

19,200 

0.5541 

0.00067 

0.5917 

0.00070 

22,400 

0.5583 

0.00077 

0.5909 

0.00080; 

25,600 

0.5626 

0.00086 

0.5898 

0.00094 

28,800 

0.6516 

0.00098 

0.r>887 

0.00107 

80,400 

No  read 

ing. 

0.5882 

0.00M4 

32,000 

0.5507 

0.00110 

Elastic  limit,  82,000  lb.  per 

0.5878 

38.600 

0.5895 

0.00250     sq.  in. 

0.5851 

0.001521    sq.  in. 

85,200 

0.5288     0.003841 

0.5825 

0.001861 

36.800 

0.4869  1  0.00907' 

0.578.T 

0.00235, 

88,400 

No  read  Ing.        Permanent  stretch  in  8  in. 

0.5590 

0 . 00480!  Permanent  stretch  in  8  in. 

• 

0.4963 

0.00790 

=  8  by  0.0079  =  0.0632  in. 

0.6601 

0.00465 

»  8  by  0.00466  »  0.00372  in. 
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Table  HI. — Cyclical  Loading  of  Specimen  1 — Extra  Soft  Steel, 

Section,  f  in.  by  2  in.     Area,  1.25  sq.  in.     Measurements  on  8-in.  length. 


15  Minutes  After  Over- 

19 Hours  After  Over- 

68 Hours  After  Over- 

Load, 

strain. 

strain. 

strain. 

Lb.  Per 
Sq.  In. 

Mean  of 
Micrometer 
Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

(Inch). 

0 

0.5140 

0.00000 

0.5124 

0.00000 

0.5425 

0.00000 

3,200 

0.5132 

0.00010 

0.5116 

0.00010 

0.5414 

0.00014 

6,400 

0.5128 

0.00021 

0.5107 

0.00021 

0.5407 

0.00022 

9.600 

0.5113 

0.00084 

0.5101 

0.00029 

0.5400 

0.00031 

12,800 

0.5108 

0.00046 

0.6092 

0.00040 

0.5392 

0.00041 

16.000 

0..^096 

0.00055 

0.5083 

0.00051 

0.5384 

0.00061 

19,200 

0.5086 

0.00068 

0.5075 

0.00061 

0.6876 

0.00061 

22,400 

0.5076 

0.00080 

0.5066 

0.00072 

0.6866 

0.00074 

25,600 

0.5069 

0.00090 

0.5056 

0.00086 

0.5860 

0.00081 

28,«00 

0.5056 

0.00105 

0.5046 

0.00097 

0.5352 

O.OOOS^ 

82.000 

0.5043 

0.00121 

0.5035 

0.00112 

0.5340 

0.00106 

33,200 

0.5086 

0.00180 

0.6028 

0.00120 

0.6887 

O.OOllO 

32.000 

0.5083 

0.00184 

0.5081 

0.00116 

0.5840 

0.00106 

28,800 

0.5040 

0.00125 

0.5038 

0.00107 

0.5349 

0.00096 

25,600 

0..5050 

0.00112 

0.5046 

0.00097 

0.6365 

0.00087 

22,400 

0.6061 

0.00099 

0.5066 

0.00086 

0.6365 

0.00075 

19,200 

0.5070 

0.00088 

0.6065 

0.00074 

0.5872 

0.00066 

16,000 

0.5076 

0.00080 

0.8078 

0.00064 

0.5882 

0.00054 

12300 

0.5086 

0.00068 

0.6088 

0.00051 

0.6889 

0.00045 

9,600 

0.5100 

0.00050 

0.5091 

0.00041 

0.6399 

0.00082 

6,400 

0.5108 

0.00040 

0.5102 

0.00028 

0.5406 

0.00023 

3,200 

0.5118 

0.00028 

0.6111 

0.00016 

0.5414 

0.00014 

0 

0.5126 

0.00018 

0.5119 

0.00006 

0.6426 

0.00000 

Table  IV. — Cyclical  Loading  of  Specimen  2 — Extra  Soft  Steel. 

Section,  |  in.  by  2  in.     Area,  1.25  sq.  in.     Measurements  on  8  in.  length. 


16  Minutes  After  Over- 

18 Hours  After  Over- 

69 Hours  After  Over- 

Load, 

strain. 

strain. 

strain. 

Lb.  Per 
Sq.  In. 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  per 

Inch). 

0 

0.6210 

0.00000 

0.6084 

0.00000 

0.5910 

0.00000 

3,200 

0.6202 

0.00010 

0.6075 

0.00011 

0.6902 

0.00010 

6.400 

0.6194 

0.00020 

0.6066 

0.00022 

0.589S 

0.00021 

9,600 

0.6190 

0.00025 

0.6060 

0.00080 

0.5886 

0.00080 

12,800 

0.6180 

0.00038 

0.6051 

0.00041 

0.5875 

0.00044 

16,000 

0.6172 

0.00048 

0.6042 

0.00052 

0.5865 

0.00056 

19,200 

0.6162 

0.00060 

0.6085 

0.00061 

0.5856 

0.00067 

22,400 

0.6158 

0.00071 

0.6023 

0.00076 

0.5847 

0.00079 

25.600 

0.6145 

0.00081 

0.6015 

0.00086 

0.5840 

0.00088 

27,200 

0.6120 

0.00112 

0.6007 

0.00097 

0.5830 

0.00100 

25,600 

•0.6124 

0.00107 

0.6004 

0.00100 

0.5838 

0.00090 

22,400 

0.6130 

0.00100 

0.6017 

0.00084 

0.5841 

0.00080 

19,200 

0.6141 

0.00086 

0.6023 

0.00076 

0.5850 

O.«)075 

16,000 

0.6151 

0.00074 

0.6080 

0.00067 

0.5858 

O.0O065 

12,800 

0.6160 

0.00062 

0.6040 

o.ooa^5 

0.5869 

0.00051 

9,600 

0.6170 

0.00060 

0.6051 

0.00041 

0.5879 

0.00038 

6.400 

0.6179 

0.00089 

0.6060 

0.00030 

0.5889 

0.00026 

8.200 

0.6187 

0.00029 

0.6067 

0.00021 

0.5899 

0.00013 

0 

0.6197 

0.00016 

0.6078 

0.00008 

0.5908 

0.00002 
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Table  V. — Cyclical  Loading  of  Specimen  3 — Mild  Steel. 

Diameter,  0.63  in.     Area,  0.812  sq.  in.     Measurements  on  8-in.  length. 


is 


0 

8.200 

6.400 

9.600 

r2.H00 

16.000 

19.200 

22.400 

25,600 

28,800 

82.000 

85.200 

82.000 

28.800 

25;600 

22,400 

19.200 

16,000 

12.800 

9,600 

6.400 

3.200 

0 


15  Minutes  After 
Oyentrain. 


0.4988 
0.4970 
0.4962 
0.4955 
0.4944 
0.4987 
0.4925 
0.4915 
0.4906 
0.4897 
0.4886 
0.4832 
0.4885 
0.4845 
0.4852 
0.4i^2 
0.4871 
0.4882 
0.4889 
0.4900 
0.4910 
0.4920 
0.4928 


25  Houn  After 
Oyerstrain. 


0.00005 

0.4913 

0.00016 

0.4904 

0.00026 

0.4899 

0.00085 

0.4889 

0.00049 

0.4880 

0.00057 

0.4871 

0.00072 

0.4862 

0.00085 

0.4853 

0.00096 

0.4842 

0.00107 

0.4832 

0.00121 

0.4821 

0.00190 

0A7Sn 

0.00185 

0.4785 

0.00172 

0.4795 

0.00164 

0.4804 

0.00151 

0.4814 

0.00140 

0.4819 

0.00126 

0.4831 

0.00117 

0.4840 

0.00104 

0.4851 

0.00091 

0.4865 

0.00079 

0.4875 

0.00069 

0.4879 

ll 


48  Hoars  After 
Overstrain. 


it 

gStS 


434  Hours  After 
Overstrain. 


0.00000 

0.4880 

0.00011 

0.4872 

0.00018 

0.4863 

0.00030 

0.4854 

0.00041 

0.4844 

0.00052 

0.4832 

0.00064 

0.4826 

0.00075 

0.4815 

0.00090 

0.4806 

0.00101 

0.4798 

0.00115 

0.4788 

0.00160 

0.4772 

0.00160 

0.4778 

0.00147 

0.4780 

0.00136 

0.4785 

0.00124 

0.4799 

0.00117 

0.4806 

0.00102 

0.4819 

0.00091 

0.4826 

0.00077 

0.4835 

0.00060 

0.4843 

0.00047 

0.48r» 

0.00042 

0.4862 

0.00000 
0.00100 
0.00021 
0.00032 
0.00045 
0.00060 
0.00067 
0.00081 
0.00092 
0.00102 
0.00115 
0.00135 
0.00134 
0.00125 
0.00119 
0.00101 
0.00092 
0.00076 
0.00067 
0.00056 
0.00046 
0.00031 
0.00022 


0.4190 
0.4170 
OAlbO 
0.'4lS 
0.'4li6 

o.'ioS 

0.4079 
0.4088 

o.'i'iflS 

0.4127 
0*4147 
0.'4i^ 
O.SS 


I" 


0.00000 
0*00025 
O.OXKO 
0.00075 

o.'ooi'oo 


0.00126 
0.00139 
0.00127 

o.(wio2 
bloom 

0.'o6654 

o.'oiwii 

0.00002 


Tablb  VI. — Oyclical  Loading  of  Specimen  4 — Mild  Steel. 
Diameter,  0.63  in.     Area,  0.312  sq.  in.     Measurements  on  8-in.  length. 


IS 


0 

3,200 

6,400 

9.600 

12.800 

16,000 

19.200 

22.400 

25,600 

28,800 

32,000 

35.200 

82,000 

28,800 

25,600 

22,400 

19,200 

16.000 

12,800 

9,600 

6,400 

3.200 

0 


15  Minutes  After 
Overstrain. 


23  Hours  After 
Overstrain. 


n 

it 

«'2 

^^t 

si 

2it 

O      Xi 

ill 

ill 

^ 

u 

S 

0.5680 

0.00000 

0.6660 

0.5673 

0.00009 

0.5652 

0.6661 

0.00023 

0.6642 

0.5653 

o.ooaM 

0.5686 

0..564S 

0.00046 

0.5627 

0.5637 

0.00054 

0.6616 

0.5627 

0.00066 

0.5607 

0.5617 

0.00079 

0.5598 

0..5609 

0.00089 

0.5.n20 

0.5600 

0.00100 

0.6679 

0.5591 

O.OOlll 

0.5671 

0.5570 

0.00137 

0.6668 

0.5575 

0.00131 

0.5677 

0.5582 

0.00122 

0.5667 

0.6593 

0.00109 

0.f576 

0.5600 

0.00100 

0.5585 

0.6609 

0.00089 

0.5694 

0.5618 

0.00077 

0.6(i08 

0.5627 

0.00066 

0.6608 

0.5685 

0.00056 

0.6622 

0.5644 

0.00045 

0..5630 

0.5655 

0.00031 

0.5638 

0.5662 

0.00022 

0.6648 

I- 


0.00000 
0.00010 
0.00022 
0.00081 
0.00041 
0.00055 
0.00066 
0.00077 
0.00087 
0.00101 
0.00111 
0.00128 
0.00129 
0.00116 
0.00106 
0.00094 
0.00082 
0.00071 
0.00065 
0.00047 
0.00087 
0.00027 
0.00015 
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47  Hours  After 
Overstrain. 


l-H 

t-s 

8>8 

ps 

ll 

s 

H 

0.6645 

0.00000 

0.5640 

0.00006 

0.5630 

0.00019 

0.5621 

0.00090 

0.5613 

0.00040 

0.5608 

0.00052 

0.5594 

0.00064 

0.5585 

0.00075 

0.5577 

0.00085 

0.5567 

0.00097 

0.5558 

0.00109 

0.5541 

0.00130 

0.5542 

0.00129 

0.5555 

0.00112 

0.6668 

0.00102 

0.5573 

0.00090 

0.5578 

0.00084 

0.5590 
0.5600 
0.5610 
0.5618 
0.5628 
0.5636 


0.00069 
0.00066 
0.00044 
0.00084 
0.00021 
0.00011 


359  Hours  After 
Overstrain. 


o    ua 

£3  ^  ^ 

OJWw 


0.5652 

o.'sisss 

0.*.56'l8 

o.'sor; 


0.5575 
0.5564 
0.6569 

0.*5589 

o.'slsoi 
o.'Ssie 

0.'5632 

o.'sesi 


O.OOQOO 
0.d6024 
0.00042 

o.coSie 

0.0)674 


0.00097 
0.00110 
0.00108 


0.00079 
O.'ciooiR) 

o*.'o6ot5 
o.'oioab 

O.OOOOl 
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Table  VII. — Stress-Deformation  Tests — Extra  Soft  Steel, 

Section,  f  in.  hy  2  in.     Area,  L25  sq.  in.     Measurements  on  8-in.  length. 
Specimen  5.  Specimen  6. 
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*, 

It 

1 

el 

iJti 

» 

?i 

si 

il 

§ 

a^ 

u 

Remarks. 


0 

0.5744 

OjKH.tllO 

3,200 

0.5784 

0,  mni]!.' 

6,400 

0.5?28 

O.INhJljIf 

9,600 

0.5720 

OjHIfJ^Jf 

12,800 

0.5715 

OjrtKtlM 

16,000 

0.5708 

OjtiM'i 

19.200 

0.5701 

O.^HMVl 

22.400 

0.6693 

O.IHKH'.l 

25.600 

0.5683 

Q,iM^y-,u 

27.200 

0.5673 

0,"("ifi^s 

28,800 

0.5670 

O.^HHur* 

30.400 

0.5668 

O.iN.inl 

32.000 

0.5645 

0.''"1JI 

32,800 

0.5635 

O.iN'li'i^. 

83,600 

0.5618 

O.'^T.: 

35.'200 

0.5495 

0.iH-:^|.. 

36,000 

0.5408 

O.iA^JU 

36,800 

0.4985 

0.00950 

0 

0.5227 

0.00646. 

i  Elastic  limit,  28,000  lb.  per 
sq.  In. 


Remarks. 


^m\  Elastic  limit,  28,000  lb.  per 
iMiT]     sq.  in. 


Permanent  stretch  in  8  in.  i  No  read ,  i  ei  g .       ,  Permanent  stretch  in  8  in. 
=  8  by  0.00646  =  0.0517  in.    0.6567  |  i^ftuWO;  =8 by 0.00640  =-0.0512 in. 


Table  VIII. — Stress- Deformation  Tests — Mild  Steel, 

Round  rods.     Diameter,  0.63  in.     Area,  0.312  sq.  in. 
Specimen  7.  Specimen  8. 


p 

l« 

■g 

1? 

s 
€ 

s 

N 

V 

«£ 

« 

vii 

w 

£ 
3 

f 

Remarks. 

1} 
11 

Elongation 
Perlr 

0 

0.4899 

0.00000 

0.4695 

0.00000. 

8.200 

0.4889 

0.00012 

0.4687 

0.00010' 

6,400 

0.4876 

0.00029 

0.4676 

0.00024 

9,600 

0.4865 

0.00042 

0.4669 

0.000321 

12,800 

0.4853 

0.00057 

0.4660 

0.00(V44 

16.000 

0.484.5 

0.00067 

0.4653 

0.00052 

19,200 

0.4835 

0.00080 

0.4646 

o.oiKxn 

22,400 

0.4823 

0.00095 

0.4639 

0.00070, 

25,600 

0.4810 

O.OOUl 

0.4629 

0.000f<2l 

28.800 

0.4804 

0.00119  Elastic  limit,  30,000  lb.  per 

0.4621 

0.00092  Elastic  limit,  30,000  lb.  per 

30.400 

0.4797 

0.00127,    sq.  in. 

0.4616 

0.000»K»     sq.  in. 

32,000 

0.4788 

0.001391 

0.4609 

0.00107' 

33.600 

0.4771 

0.00160 

0.4594 

0.00126 

85,200 

0.4682 

0.00271! 

0.4628 

0.00209 

36,800 

No  read 

ing.       1  Permanent  stretch  in  8  in. 

0.4455 

0.00300  Permanent  stretch  in  8  in. 

0 

0.4770 

0.00161    =8  by  0.00161  =0.01-29  in. 

0.4548 

0.001H4 

=  8  by  0.00181-0.0147  In. 

[13] 
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TabIb  IX. — Cyclical  LoacUiig  of  Specimen  5 — Extra  Soft  Steel 

Sectioiii  I  in.  by  2  in.     Area,  1.25  sq.  in.     Measurements  on  8-in.  length. 


Load, 
Lb.  Per 
Sq.  In. 

15  Minutes  After 
Overstrain. 

2  Hours  After  Overstrain, 
Bath  of  %  Hour. 

25  Hours  After 
Overstrain. 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 
Micrometer 
Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 
Micrometer 
Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

0 

0.5888 

0.00000 

0.5960 

0.00000 

0.5939 

0.00000 

3,200 

0.5828 

0.00012 

0.5930 

0.00013 

0.5990 

0.00011 

6,400 

0.5322 

0.00020 

0.5939 

0.00026 

0.5920 

0.00024 

9,600 

0.5812 

0.00082 

0.5931 

0.00033 

0.5912 

O.OOOCM 

12,800 

0.5808 

0.00044 

0.5925 

0.00044 

0.5903 

0.00(M5 

16,000 

0.5295 

0.00054 

0.5915 

0.00056 

0.5895 

0.00055 

19,200 

0.5287 

0.00064 

0.5909 

0.00064 

0.5886 

0.00066 

22,400 

0.5275 

0.00079 

0.5898 

0.00078 

0.5880 

0.00074 

25,600 

0.5265 

0.00091 

0.5885 

0.00094 

0..5868 

0.00069 

28,800 

0.5255 

0.00104 

0.5878 

0.00103 

0.5855 

0.00104 

32,200 

0.5247 

0.00114 

0..1870 

0.00113 

0.5850 

0.00111 

85,000 

0.5238 

0.00181 

0.5846 

0.00142 

0.5811 

0.00122 

82,000 

0.5234 

0.00130 

0.5855 

0.00131 

0.,5848 

0.00114 

28,800 

0.5242 

0.00120 

0.5860 

0.00125 

0.58.54 

0.00106 

25,600 

0.5250 

0.00110 

0.5869 

0.00118 

0.5867 

0.00090 

22,400 

0.5257 

0.00101 

0.5877 

0.00103 

0.5881 

0.00072 

19,200 

0.5270 

0.00085 

0.5888 

0.00090 

0.5886 

0.00066 

16,000 

0.5277 

0.00076 

0.5898 

0.00077 

0.5896 

0.00054 

12,800 

0.5284 

0.00067 

0.5914 

0.00057 

0.5902 

0.00O16 

9,600 

0.5297 

0.00051 

0.5919 

0.00051 

0.5910 

0.00086 

6.400 

0.5305 

0.00041 

0.5926 

0.00042 

0.5920 

0.00024 

3,200 

0.5313 

0.00031 

0.5985 

0.00031 

0.5990 

0.00011 

0 

0.5820 

0.00023 

0.5945 

0.00019 

0.5940 

0.00000 

Table  X. — Cyclical  Loading  of  Specimen  6 — Extra  Soft  Steel, 

Section,  f  in.  hj  2  in.     Area,  1.25  sq.  in.     Measurements  on  8-in.  length. 


Load, 

15  Minutes  After 
Overstrain. 

3  Hours  After  Overstrain, 

and  1  Hour  after  Steam 

Bath  of  %  Hour. 

26  Hours  After 
Overstrain. 

Lb.  Per 
8q.  In. 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

0 

0.6574 

0.00000 

0.6457 

0.00000 

0.6458 

0.00000 

3,200 

0.6565 

0.00011 

0.6446 

0.00014 

0.6446 

0.00009 

6,400 

0.a553 

0.00026 

0.6489 

0.00022 

0.6436 

0.00021 

9,600 

0.6547 

0.000^ 

0.6430 

0.00034 

0.6428 

0.00081 

12,800 

0.6539 

0.00044 

0.6122 

0.00044 

0.6421 

0.00016 

16,000 

0.6531 

o.ooa>4 

0.&(12 

0.00056 

0.6413 

0.00050 

19,200 

0.6520 

0.00067 

0.6404 

0.00066 

0.6105 

0.00060 

22,400 

0.6510 

0.00080 

0.6397 

0.00075 

0.6395 

0.00072 

25,600 

0.6502 

0.00090 

0.6388 

0.00086 

0.6388 

0.00081 

28,800 

0.6493 

0.00101 

0.6378 

0.00098 

0.6378 

0-00094 

32.000 

0.6180 

0.00117 

0.6371 

0.00107 

0.63?2 

0.00101 

85,000 

0.6460 

0.00142 

0.6361 

0.00120 

0.6863 

0.00112 

82,200 

0.6460 

0.00142 

0.6370 

0.00109 

0.6378 

0.00100 

28,^ 

0.6466 

0.00136 

0.6373 

0.00105 

0.6379 

0.00092 

25,600 

0.6478 

0.00120 

0.63S2 

0.00094 

0.6889 

0.00080 

22,400 

0.6486 

0.00110 

0.6390 

0.00084 

o.Gsm 

0.00071 

19,200 

0.6494 

0.00100 

0.6400 

0.00071 

0.6406 

0.00060 

16,000 

0.6501 

0.00091 

0.6407 

0.00062 

0.6112 

0.00051 

12,800 

0.6512 

0.00077 

0.6015 

0.00052 

0.6422 

0.00039 

9.600 

0.65*22 

0.0006.5 

0.6423 

0.00(H2 

0.6429 

0.00080 

6,400 

0.6581 

0.00054 

0.64J« 

0.00031 

0.6437 

0.00020 

3.200 

0.6540 

0.00042 

0.6440 

0.00021 

0.6446 

0.00009 

0 

0.6549 

0.00031 

0.6447 

0.00012 

0.6453 

O.OOOOO 

[14] 
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Table  XI. — Cyclical  Loading  of  Specimen  7 — Mild  Steel. 

Bound  rod.    Diam.,  0.63  in.   Area,  0.312  sq.  in.     Measurements  on  8-in  length. 


I.oad, 

Lb.  Per 

8q.  In. 

15  Minutes  After 
Overstrain. 

2  Hours  After  Oyerstraln, 

and>i  Hour  after  Steam 

Bath  of  ^  Hour. 

24  Hours  After 
Oyerstrain. 

Mean  of 
Micrometer 
Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

Mean  of 
Micrometer 
Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

0.00000 
0.00026 
0.00042 
0.00062 
0.00079 
0.00106 
0.00122 
0.00116 
0.00092 
0.00072 
0.00050 
0.00082 
0.00016 

Mean  of 

Micrometer 

Readings 

(Inches). 

Elongation 

(Inches  Per 

Inch). 

0 

6,400 

12,800 

19.200 

25,600 

82.000 

84.600 

32.000 

25.600 

19,200 

12.800 

6,400 

0 

0.4772 
0.4755 
0.4735 
0.4721 
0.4702 
0.4685 
0.4662 
0.4659 
0.4577 
0.4695 
0.4710 
0.47-26 
0.4748 

0.00000 
0.00021 
0.00046 
0.00064 
0.00087 
0.00109 
0.00137 
0.00141 
0.00119 
0.00096 
0.00077 
0.00057 
O.OUUM) 

0.4481 
0.4460 
0.4447 
0.4431 
0.4418 
0.4396 
0.4383 
0.4388 
0.4407 
0.4428 
0.4441 
0.4455 
0.4468 

0.4470 
0.4452 
0.4435 
0.4416 
0.4400 
0.4385 
0.4379 
0.4384 
0.4400 
0.4415 
0.4434 
0.4450 
0.4470 

0.00000 
0.00022 
0.00O14 
0.00067 
0.00087 
0.00106 
0.00114 
0.00107 
0.00087 
0.00069 
0.00045 
0.00025 
0.00000 

Table  XII. — Cyclical  Loading  of  Specimen  8 — Mild  Steel. 

Bound  rod.     Diam.,  0.63  in.    Area,  0.312  sq.  in.    Measurements  on  8-in.  length. 


15  Minutes  After 

24  Hours  After 

49  Hours  After 

119  Hours  After 

Overstrain. 

Overstrain. 

Overstrain. 

ean  of  Microm-  i 
eter    Readings  |     q 
(Inches).             ;     < 

train. 

Load.     Lb.    Per 
Sq.In. 

ean  of  Microm- 
eter   Readings 
(Inches). 

ill 

ongation     (In- 
ches Per  Inch). 

ean  of  Microm- 
eter   Readings 
(Inches). 

ongation    (In- 
ches Per  Inch). 

ongation    (In- 
ches Per  Inch). 

a 

s 

^ 

:^ 

H 

S 

Ul 

3.200 

0.4550 

0.00000 

0.4520 

0.00000 

0.4480 

0.00000 

0.4430 

0.00000 

6.400 

0.5430 

0.00025 

0.4497 

0.00029 

0.4460 

0.00025 

0.4411 

0.00024 

12,800 

0.4513 

0.00016 

0.4482 

0.00(M7 

0.4442 

0.00047 

0.4392 

0.00O18 

19.200 

0.4497 

0.00066 

0.4464 

0.00070 

0.4425 

0.00069 

0.4877 

0.00066 

25.600 

0.4480 

0.00087 

0.4449 

0.00089 

0.4410 

0.00087 

0.4360 

0.00088 

82,000 

0.4459 

0.00114 

0.4430 

0.00112 

0.4392 

0.00110 

0.4344 

0.00108 

85,200 

0.4442 

0.00135 

0.4407 

0.00141 

0.4367 

0.00141 

0.4332 

0.00122 

82.000 

0.4446 

0.00130 

0.440ft 

0.00140 

0.4371 

0.00136 

0.4342 

0.00110 

25.600 

0.4461 

0.00111 

0.4425 

0.00119 

0.4387 

0.00116 

0.4a58 

0.00090 

19.200 

0.4480 

0.00087 

0.4442 

0.00097 

0.4402 

0.00097 

0.4376 

0.00067 

12.800 

0.4495 

O.00OG9 

0.4457 

0.00079 

0.4422 

0.00072 

0.4390 

O.OOOnO 

6,400 

0.4516 

0.00042 

0.4475 

0.00056 

0.4487 

0.00064 

0.4409 

0.00026 

0 

0.4536 

0.00017 

0.4497 

0.00029 

0.4459 

0.00026 

0.4428 

0.00002 

[15] 
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Table  XIIT. — Cyclical  Loading  of  Specimen  9 — Extra  Soft  Steel. 

Section,  |  in.  bj  2  in.     Area,  1.25  sq.  in.     MeasarementB  on  8- in.  length. 


15  Minutes  After 
Overstrain. 

48  HourB  After 
Overstrain,  and  47 
Hours  at  Freezing. 

2092  Hours  After 
Overstrain,  and  '2091 
Hours  at  Freezing. 

•2186  Hours  After 
Overstrain,  2112  at 

Load, 

i-s 

S^ 

S    ' 

«^ 

jl 

5^ 

U 

iSjO 

Lb.  Per 

-§ 

1 

|s 

.2  « 

^a 

8q.  In. 

S 

lit 

ill 

Hi 

ill 

II 

^ 

a 

U 

0.5127 

H 

S*^ 

s 

0 

0.5709 

0.00000 

0.5252 

0.00000 

0.00000 

0.4990 

0.00000 

3,200 

0.5700 

0.00011 

0.5244 

0.00010 

0.5117 

0.00012 

0.4980 

0.00012 

6,400 

0.5689 

0.00025 

0.5235 

0.00021 

0.5106 

0.00026 

0.4971 

0.00024 

9,600 

0.5682 

0.00034 

0.5227 

0.00081 

0.5097 

0.00087 

0.4967 

0.00029 

12,800 

0.5672 

0.00046 

0.5220 

0.00040 

0.5090 

0.00046 

0.4952 

0.00047 

16,000 

0.5665 

0.00055 

0.5207 

0.00056 

0.5077 

0.00062 

0.4946 

0.00055 

19,200 

0.5658 

0.00064 

0.5200 

0.00065 

0.5066 

0.00076 

0.4940 

0.00082 

22,400 

0.5649 

0.00075 

0.5194 

0.00072 

o.sa-ss 

0.00086 

0.4982 

0.00072 

25.600 

0.5688 

0.00089 

0.5184 

0.00085 

0.5046 

0.00101 

0.4914 

0.00095 

28,800 

0.5595 

0.00142 

0.5135 

0.00146 

0.4984 

0.00179 

9.4845 

0.00181 

25.600 

0.5596 

0.00141 

0.5185 

0.00146 

0.4982 

0.00181 

0.4846 

0.00180 

22,400 

0.5600 

0.00186 

0.5148 

0.00136 

0.4890 

0.00171 

0.4858 

0.00171 

19,200 

0.5610 

0.001-24 

0.5146 

0.00182 

0.4997 

0.00162 

0.4860 

0.00162 

16,000 

0.5621 

0.00110 

0.5156 

0.00120 

0.5005 

0.001.52 

0.4865 

0.00156 

12,800 

0.5681 

0.00097 

0.5165 

0.00109 

0.5014 

0.00141 

0.4872 

0.00147 

9,600 

0.5639 

0.00087 

0.5172 

0.00100 

0.5023 

0.00130 

0.4886 

0.00130 

6,400 

0.5647 

0.00077 

0.5180 

0.00091 

0.5081 

0.00120 

0.4891 

0.00124 

3,200 

0.5659 

0.00062 

0.5189 

0.00079 

0.5042 

0.09106 

0.4899 

0.00114 

0 

0.5669 

0.00050 

0.5202 

0.00062 

0.5050 

0.00096 

0.4911 

0.00098 

2183  Hoi 

ire  After 

2231  Hoi 

irs  After 

2254  Hoi 

irs  After 

Oventrai 
Freezing 

n,  2112  at 
and  71  at 

Overstrai 

n,  2112  at 
and  119  at 

Overstrai 
Freezing 

n,  2112  at 
and  142  at 

Mod< 

3rate. 

erate. 

Mod< 

Brate. 

0 

0.4928 

0.00000 

0.6111 

0.00000 

0.6085 

0.00000 

3,200 

0.4911 

0.00015 

0.6104 

0.00009 

0.6076 

0.00012 

6.400 

0.4901 

0.00028 

0.6095 

0.00020 

0.6067 

0.00022 

9,600 

0.4892 

0.00089 

0.6085 

0.00038 

0.6058 

0.00034 

12,800 

0.4888 

0.00050 

0.6080 

0.00039 

0.6050 

0.00044 

16,000 

0.4872 

0.00064 

0.6069 

0.00052 

0.6045 

0.00050 

19,200 

0.4868 

0.00069 

0.6060 

0.00064 

0.6085 

0.00062 

22,400 

0.4855 

0.00065 

0.6052 

0.00074 

0.6025 

0.00075 

25,600 

0.4851 

0.00090 

0.6045 

0.00088 

0.6017 

0.00085 

28,800 

0.4835 

0.00110 

0.6029 

0.00102 

0.6002 

0.00104 

25,600 

0.4836 

0.00109 

0.6030 

0.00101 

0.6017 

0.00085 

22.400 

0.4846 

0.00096 

0.6036 

0.00004 

0.6021 

0.00080 

19,200 

0.4855 

0.00085 

0.6045 

0.00082 

0.6081 

0.00067 

16.000 

0.4868 

0.00076 

0.6054 

0.00071 

0.6040 

o.ooa56 

12,800 

0.4870 

0.00066 

0.6061 

0.00062 

0.6050 

0.00044 

9,600 

0.4880 

o.ooa54 

0.6070 

0.00051 

0.6059 

0.00082 

6.400 

0.4888 

0.00044 

0.6082 

0.00036 

.06065 

0.00025 

3,200 

0.4895 

0.00035 

0.6089 

0.00028 

0.6074 

0.00014 

0 

0.4905 

0.00022 

0.6096 

0.00019 

0.6085 

0.00000 

[16] 
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Table  XIV. — Stress-Deformation  Tests — Extra  Soft  Steel 

Section  |  in.  by  2  in.     Area,  1.25  sq.  in.     Mea«arement  on  8-in.  length. 
Specimen  9.  Specimen  10. 


p 

S'j' 

g 

|| 

ft 

'l 

■1 

|1 

0 

0.5946 

3,200 

0.5988 

6.400 

0.5980 

9,600 

0.5921 

12,800 

0.5910 

16.000 

0.5906 

19,200 

0.5896 

22,400 

0.5682 

24,000 

0.5878 

25,600 

0.5875 

26,400 

0.5870 

27.200 

0.5865 

28.000 

0.5863 

28.800 

0.5801 

29.600 

0.5757 

80.000 

0.5642 

32.000 

No  read 

36,200 

No  read 

0 

0.5702 

0 


Remarks. 


O.OCOKt 

o.iifn;]io; 

O.liiNWO 

O.iR^lril 

0.ixHie4 

0.  -    ■■' 

0.^^„LA> 

0.00101 
0.00104 
0.00181 
0.00236 
0.00880 

ing. 

ing. 
0.00305 


0.9788 
0.9729 
0.9721 
0.9708 
0.9706 
0.9693 
0.9684 
0.9670 
0.9668 
0.9658 

Elastic  limit,  27.000  lb.  per!  No  read 
sq.  in.  i).9tUh 


I 


0.00000 
0.00005 
0.00015 
0.00081 
0.00035 
0.00050 
0.00061 
0.00079 
0.00065 
0.00094 
ing. 
0.0010*1 


Remarks. 


Elastic  limit.  27,500  lb.  per 
sq.  in. 


No  read  It!);- 

Permanent  stretch  in  8  in ,   i  M^n-l     4.<  j  >« "  V*^  Permanent  stretch  in  8  in. 
=8  by  0.00905=0.0244  in.l  0.9271  j  0.00577|    =8  by0.00577  =  0.0462  in. 


Table  XV. — Cyclical  Loading  of  Specimen  10 — Extra  Soft  Steel, 

Section,  f  in.  by  2  in.    Area,  1.25  iq.  in.     Measurements  on  8-in.  length. 


24  Hours  After 

168  Hours  After 

361  Hours  After 

4728  Hours  After 

Overstrain,  23  at 

Overstrain,  167  at 

Overstrain,  860  at 

Overstrain,  4?27  at 

Freezing. 

Freezing. 

Free 

il? 

zing. 

Freezing. 

Load. 
Lb.  Per 

fMicrom- 
Readings 
es). 

i.4 

1^ 

is 

=! 

Pl 

=1 

8q.  In. 

il 

lit 

II 

II 

ii 

II 

o    ua 

m 

ill 

II 

eano 

eter 

(Inch 

» 

s 

w** 

s 

w 

S 

H 

0 

0.0820 

0.00000 

0.0165 

0.00000 

0.0053 

0.00000 

0.5968 

0.00000 

3,200 

0.0381 

0.00014 

0.0178 

0.00016 

0.0061 

0.00010 

0.5958 

0.00012 

6.400 

0.0340 

0.00025 

0.0185 

0.00025 

0.0071 

0.00022 

0.5947 

0.00026 

9,600 

0.0352 

0.00040 

0.0196 

0.00039 

0.0081 

0.00035 

0.5987 

0.00089 

12300 

0.0362 

0.00052 

0.0206 

0.00051 

0.0090 

0.00046 

0.5928 

0.00050 

16.000 

0.0872 

0.00065 

0.0215 

0.00062 

0.0102 

0.00061 

0.5919 

0.00061 

19,200 

0.0382 

o.ooon 

0.0228 

0.00079 

0.0105 

0.00065 

0.5909 

0.0UO74 

22,400 

0.0391 

0.00089 

0.0233 

0.00085 

0.0116 

0.00079 

•0.5901 

0.00084 

25,600 

0.0400 

0.00100 

0.0248 

0.00097 

0.0126 

0.00091 

0.5892 

0.00095 

28.800 

0.0412 

0.00115 

0.0254 

0.00111 

0.0137 

0.00105 

0.5884 

0.00105 

32.000 

0.0425 

0.00131 

0.0270 

0.00131 

0.0149 

0.00120 

0.5870 

0.00122 

28,800 

0.0417 

0.00121 

0.0258 

0.00116 

0.0142 

0.00111 

0.5879 

0.00111 

25,600 

0.M08 

0.00110 

0.0248 

0.00104 

0.0135 

0.00102 

0.5887 

0.00101 

22,400 

0.0399 

0.00099 

0.0288 

0.00091 

0.0126 

0.00091 

O.r.895 

0.00091 

19.200 

0.0390 

0.00087 

0.0284 

0.00086 

0.0117 

0.00080 

0.5902 

0-00082 

16,000 

0.0381 

0.00076 

0.0223 

0.00072 

0.0108 

0.00069 

0.5914 

0.00067 

12,800 

0.0373 

0.00066 

0.0213 

0.00060 

O.OIOI 

0.00060 

0.5921 

0.00059 

9,600 

0.0863 

0.00054 

0.0204 

0.00049 

0.0090 

0.00046 

0.5927 

0.00051 

6,400 

0.0353 

0.00041 

0.0194 

0.00036 

0.0081 

o.oooa-i 

0.5940 

0.00035 

3,200 

0.0644 

0.00030 

0.0185 

0.00025 

0.0072 

0.00024 

0.5949 

0.00024 

0 

0.0335 

0.00019 

0.0178 

0.00016 

0.0064 

0.00014 

0.5957 

0.00014 

L17  1 
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Table  XVI. — Stress-Deformation  Tests. 


Specimen  11,  round  rod,  diam.,  0.63  in. 
Area,  0.312  Bq.  in.    Mild  steel. 


Specimen  12,  f  in.  hy  2  in. 
Area,  1.25  sq.  in.     Extra  soft  staeL 


It 

1 

itii 

5* 
£ 

il 

if  IS* 

^1 

gS 

Remarks. 

Si 

II 

Kcraarksi 

1 

§1 

g 

|l 

1 

^ 

s* 

0.00000 

M 

0 

0.6964 

0.6225 

0.00000 

8;»o 

0.5955 

0.00011 

0.5216 

0.00011 

6,400 

0.6947 

0.00021 

0.5207 

0.00022 

9,600 

0.5940 

0.00080 

0.5195 

0.00037 

12,800 

0.5982 

0.00040 

0.5184 

0.00061 

16,000 

0.5925 

0.00049 

0.5180 

0.00066 

19,200 

0.5911 

0.00066 

0.5170     0.00069 

22,400 

0.5904 

0.00075 

0.5162 

0.00079 

25.600 

0.6892 

0.00090 

0.5151 

0.00092 

27,200 

No  read 

inir. 

0.5148 

0.00096 

28,800 

0.5884     0700100 

ElasUc  limit,  80,000  lb.  per 

0.5144 

0.00101 

Elastic  limit.  28,600  lb.  per 

80.400 

0.5880     0.00106 

sq.  In. 

0.5139 

0.00107 

sq.  in. 

82,000 

0.6876     0.00111 

0.5129 

0.00120 

82,800 

No  read  Idr. 

0.5095 

0.00162 

88.600 

0.5865     0.00124 

0.4675 

0.00687 

85.200 

0.5829     0.00167 

Noreadjlng. 

86,800 

0.5667     0.00371 

Permanent  stretch  In  8  in. 

NoreadilnR. 

Permanent  stretch  in  8  in. 

.      0 

0.5758 

0.00257 

=  8  byO.00257  =  0.0206  in. 

0.4757 

0.00585 

=  8  by  0.00685  =  0.0468  in. 
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Table  XVII. — Cyclical  Loading  of  Specimen  11 — MUd  Steel. 

Bound  rod,  0.63  in.  in  diam.     Area,  0.312  sq.  in.     Measurements  on  8-in.  length. 


Load, 
Lb.  Per 
tiq.  In. 


0 
6,400 
12,800 
19/200 
25,000 
82,000 
85,200 
82,000 
25,600 
19,200 
12300 
6,400 
0 


15  Minutes  After 

OTerstrain. 

if 

^1 
ll 

o    ji 
§11 

2  « 

Hi 

a 

0.5767 

0.00000 

0.5748 

0.00024 

0.5729 

0.00047 

0.5714 

0.00066 

0.5696 

0.00089 

0.5675 

0.00115 

0.5682 

0.00169 

0.5645 

0.00152 

0.5657 

0.00137 

0.5675 

0.00115 

0.5698 

0.00092 

0.5709 

0.00072 

0.5728 

0.00049 

73  Hoars  After 

2706  HoaiB  After 

Overstrain,  and  72 

Oyerstrain,  and  2707 

Hoars  at  Freezing. 

Hours  at 

Freezing. 

ean  of  Microm- 
eter   Readings 
(Inches). 

i 

§s 

if 

as 

S 

s 

S 

a 

0.4904 

0.00000 

0.5861 

0.00000 

0.4885 

0.00024 

0.5828 

0.00029 

0.4864 

0.00060 

0.5811 

0.00060 

0.4842 

0.00077 

0.5790 

0.00076 

0.4816 

0.00110 

0.5768 

0.00104 

0.4785 

0.00149 

0.5746 

0.00131 

•  0.4763 

0.00176 

0.5?25 

0.00158 

0.4768 

0.00170 

0.5730 

0.00151 

0.4785 

0.00149 

0.5746 

0.00131 

0.4802 

0.00127 

0.5756 

0.00119 

0.4820 

0.00106 

0.5772 

0.00099 

0.4885 

0.00086 

0.5787 

0.00080 

0.4856 

0.00060 

0.5795 

0.00070 

2754  Hours  After 

2778  Hours  After 

2801  Hours  After 

OTerstrain,  2706  at 

Overstrain.  2706  at 

Overstrain,  2708  at 

Freezing  and  46  at 

Freezing  and  70  at 

Freezing  and  98  at 

Moderate  After 

Moderate  After 

Moderate  After 

Steam  Bath. 

Steam 
0.5669 

Bath. 

0.00000 

Steam  Bath. 

0 

0.5694 

0.00000 

0.5650 

0.00000 

6.400 

0.5670 

0.00080 

0.5651 

0.00022 

0.5631 

0.00024 

12,800 

0.5652 

0.00052 

0.6634 

0.00044 

0.6616 

0.00O12 

19,200 

0.5683 

0.00076 

0.5616 

0.00066 

0.5598 

0.00065 

25,600 

0.56L') 

0.00099 

0.5599 

0.00087 

0.5580 

0.00087 

82.000 

0.5596 

0- 001-22 

0.5580 

0.00111 

0.5562 

0.00110 

85,200 

0.5580 

0.00142 

0.5559 

0.00187 

0.5560 

0.00125 

82,000 

0.5584 

0.00187 

0.5565 

0.00130 

0.5560 

0.00112 

25.600 

0.5601 

0.00116 

0.5580 

0.00111 

0.5579 

0.00089 

19.200 

0.5620 

0.00092 

0.5600 

0.00086 

0.5598 

0.00071 

12300 

0.5640 

0.00067 

0.5617 

0.00065 

0.6613 

0.00046 

6,400 

0.5657 

0.00046 

0.5635 

0.00042 

0.5631 

0.00024 

0 

0.5681 

0.00016 

0.5658 

0.00014 

0.6650 

0.00000 
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Table  XVIII. — Cyclical  Loading  of  Specimen  12 — Extra 

Soft  Steel 


Section,  |  in.  bj  2  in.     . 

Aiea,  1.25  sq.  in. 

Measurements  on  8-in.  length. 

2135  Houn  After 

1'>  urinii 

».».    k  Aa. 

71  Hours  After 

2112  Hours  After 

Overstrain,  2111  at 

10  jniUUice  AAbvir 

Overstr«ln,70  Hours 

Overstrain,  2111  at 

Freezing,  24  at  Mod- 
erate After  Steam 
Bath. 

v/vcrF 

Freezing. 

Freezing. 

1 

^1 

1 

m 

ill 

it 

ill 

longation    (In- 
ches Per  Inch). 

ean  of  Microm- 
eter   Readings 
(Inches).  . 

If 

h 

Is 
H 

» 

£4 

s 

H 

» 

M 

S 

5 

0 

0.5760 

0.00000 

0.4982 

0.00000 

0.4965 

0.00000 

0.5288 

0.00000 

8.200 

0.5752 

0.00010 

0.4926 

0.00007 

0.4958 

0.00015 

0.6278 

0.00012 

6,400 

0.5737 

0.00029 

0.4917 

0.00019 

0.4942 

0.00029 

0.5271 

0.00021 

9,600 

0.6785 

0.0UU81 

0.4905 

0.00034 

0.4935 

0.00038 

0.5262 

0.00032 

12,800 

0.5727 

0.00041 

0.4896 

0.00045 

0.4924 

0.00051 

0.5257 

0.00099 

16,000 

0.5715 

0.00056 

0.4889 

•  0.00054 

0.4914 

0.00064 

0.5246 

0.00052 

19,200 

0.5709 

0.00064 

0.4876 

0.00071 

0.4905 

0.00075 

0.5238 

0.00062 

22.400 

0.5700 

0.00075 

0.4867 

0.00081 

0.4891 

0.00092 

0.5282 

0.00070 

25.600 

0.5690 

0.00087 

0.4855 

0.00096 

0.4885 

0.00100 

0.5217 

0.00089 

28.800 

0.5681 

0.00099 

0.4844 

0.00110 

0.4877 

0.00110 

0.5214 

0.00092 

32,000 

0.5659 

0.00126 

0.4821 

0.00140 

0.4868 

0.00121 

0.5207 

0.00101 

28,800 

0.5660 

0.00126 

0.4827 

0.00131 

0.4874 

0.00114 

0.5212 

0.00095 

25,600 

0.5674 

0.00107 

0.4836 

0.00120 

0.4884 

0.00101 

0.6225 

0.00079 

22,400 

0.5682 

0.00097 

0.4845 

0.00109 

0.4886 

0.00099 

0.6281 

0.00071 

19.200 

0.5692 

0.00085 

0.4866 

0.00096 

0.4895 

0.00087 

0.5237 

0.00064 

16,000 

0.5696 

0.00077 

0.4862 

0.00067 

0.4902 

0.00079 

0.6245 

0.00054 

12,800 

0.6706 

0.00069 

0.4874 

0.00072 

0.4914 

0.00064 

0.5256 

0.00040 

9,600 

0.5717 

0.00064 

0.4884 

0.00060 

0.4925 

0.00060 

0..J260 

O.00086 

6.400 

0.5726 

0.00042 

0.4895 

0.00046 

0.4988 

0.00040 

0.5270 

0.00022 

3,200 

0.5789 

0.00026 

0.4902 

0.00037 

0.4984 

0.00089 

0.5277 

0.00014 

0 

0.6741 

0.00024 

0.4913 

0.00024 

0.4950 

0.00019 

0.6287 

0.00001 
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The  Amalgamation  of  Gold-Ores.* 

BT  THOMAS  T.   READ,  NEW  YORK,  N.  T. 
(London  Meeting,  Jnly,  1906.) 

The  purpose  of  the  following  research,  as  originally  planned, 
was  to  investigate  the  influence  of  temperature  upon  the  plate- 
amalgamation  process.  In  order  to  consider  the  amalgamation 
process  intelligently,  it  was  first  necessary  to  learn  the  nature 
of  an  amalgam.  In  the  performance  of  this  task  it  was  found 
necessary  to  consult  a  large  volume  of  literature  and  to  perform 
experimental  investigations.  The  conceptions  of  the  nature  of 
amalgams  thus  obtained  have  so  important  a  bearing  on  the 
amalgamation-process  as  a  whole,  as  well  as  upon  the  possible 
influences  of  temperature,  that  it  was  advisable  to  include  them 
in  the  treatment  of  the  subject.  The  broader  title  is  therefore 
used,  even  though  some  features  of  the  amalgamation  process 
have  been  treated  very  briefly  and  others  entirely  omitted, 
there  being  nothing  new  to  present  regarding  them  and  their 
development  not  required  for  a  clear  presentation  of  the  mat- 
ter in  hand. 

I.  Historical  Introduction. 

Gold  was  one  of  the  earliest  metals  known  to  man.  Occur- 
ring in  the  metallic  state,  it  could  be  picked  up  in  nuggets  or 
washed,  as  gold  dust,  from  the  sand  and  gravel  of  streams.  In- 
teresting descriptions  of  the  processes  employed  in  early  times 
for  the  recovery  of  gold  may  be  found  in  Pliny's  Natural  His- 
Uyry  and  in  the  treatise  by  Agricola  on  ores  and  minerals.  But 
little  progress  in  the  treatment  of  the  ores  of  gold  was  possible 
until  efficient  crushing  machines  were  devised.  This  want  was 
supplied  by  the  introduction,  about  the  beginning  of  the  six- 
teenth century,  of  the  stamp  mill  to  treat  the  ores  of  Saxony. 
Blanket  strakes,  or  similar   devices,  were   used  to  catch  the 

*  Submitted  in  partial  fulfilment  of  the  reqnirementB  for  the  Degree  of  Doctor  of 
Philosophy,  in  the  Facultj  of  Pure  Science,  Columbia  Uuiyersity,  and  accepted 
for  publication  in  the  TraMaelwMot  the  American  Institute  of  Mining  Engineers. 
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gold.  Except  in  the  gradual  improvement  of  the  machinery 
no  important  advances  were  made  for  many  years.  Hungary 
was  the  principal  center  of  gold  milling  in  the  eighteenth  cen- 
tury. When  the  gold-fields  of  the  southern  United  States 
were  discovered  the  processes  used  there  were  substantially 
the  same  as  those  employed  in  Hungary.  But  when  the  gold- 
fields  of  California  were  discovered  the  great  richness  of  the 
ores  naturally  stimulated  inventive  ability  and  a  legion  of 
patent  amalgamators  resulted ;  these  mostly  survive  at  present 
only  in  the  Patent  Office  records. 

An  improvement  of  lasting  merit  was  the  substitution  of 
copper  plates  "  amalgamated  "  or  coated  with  a  film  of  mer- 
cury, for  the  blanket-strakes,  etc.,  until  then  employed  to  catch 
the  gold  liberated  by  crushing.  This  improvement  is  of  such 
signal  importance  that  it  is  to  be  regretted  that  the  inventor  is 
not  known.  The  introduction  of  amalgamated  plates  into  all 
the  districts  where  gold-ores  were  being  milled  quickly  followed, 
until  at  present  their  use  is  well-nigh  universal  for  ores  that  are 
adapted  to  stamp-milling  or  dredging. 

n.  The  Amalgams. 

The  amalgams  have  been  a  subject  for  research  since  the 
earliest  days  of  the  alchemists,  and  in  few  directions  has  so 
much  work  been  done  with  such  meager  results  in  the  acquir- 
ing of  exact  information.  Research  has  proceeded  along  every 
practicable  line,  but  it  is  not  yet  possible  to  say  that  the  nature 
of  amalgams  is  completely  understood,  although  results  ob- 
tained within  the  last  few  years  have  placed  them  in  a  much 
clearer  light  than  ever  before. 

The  assumption  was  early  made  that  mercury  forms  an  in- 
ter-metallic compound,  or  a  series  of  compounds,  with  the 
metals  with  which  it  amalgamates.  Many  attempts  have  been 
made  to  isolate  such  compounds  by  the  use  of  solvents,  pres- 
sure, filtering,  or  volatilization,  and  many  compounds  have  been 
described,  although  the  most  accurate  work  has  shown  in  many 
cases  that  the  results  are  not  concordant  enough  to  justify  the 
assigning  of  definite  formulse.  The  heat  of  formation  of  amal- 
gams also  has  been  studied  by  several  investigators,  most  nota- 
bly Berthelot.  It  was  found  that  in  some  cases  heat  was 
evolved  and  in  others  absorbed.     A  simple  and  complete  ex- 
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planation  of  the  results  was  not  easy  in  most  cases.  The  specific 
gravity  and  specific  heat  of  amalgams  have  also  received  at- 
tention, the  general  conclusion  being  that  amalgams  are  mix- 
tures of  a  solid  and  a  liquid.  An  investigation^  of  the  thermal 
expansion  has  shown  that  where  the  percentage  of  the  metal 
other  than  mercury  is  very  small  the  amalgam  acts  like  a  solu- 
tion, but  with  greater  percentage  of  the  other  metal  (tin,  lead, 
zinc)  it  is  apparently  a  mixture  of  a  liquid  and  a  solid. 

The  study  of  the  electrical  properties  of  amalgams  has  been 
more  thorough  because  of  their  use  in  the  preparation  of  stand- 
ard cells.  Investigation  of  the  electrical  conductivity  has,  in 
general,  gone  to  show  that,  for  small  percentages  of  foreign 
metals  in  the  mercury,  the  effect  is  that  of  a  solution ;  while 
for  greater  percentages,  apparently  a  mixture  of  liquid  and 
solid  is  present;  thus  confirming  the  results  of  the  investiga- 
tions of  the  thermal  expansion  and  specific  gravity.  The  study 
of  the  electro-motive  force  of  amalgams  has  given  more  defi- 
nite results.  In  the  case  of  the  alkali  metals  it  has  been  dem- 
onstrated that  more  than  one  inter-metallic  compound  is  formed 
with  mercury.  Haber*  concluded  generally  that  the  metals 
in  amalgams  either  were  in  the  atomic  state  or  formed  com- 
pounds of  the  type  Hg^jM. 

The  microscopic  examination  of  polished  surfaces  of  amal- 
gams has  so  far  yielded  but  unsatisfactory  results,  due  to  the 
diflSculties  arising  from  the  presence  of  the  liquid  phase.  The 
study  of  the  freezing-point  curves  has  been  more  productive, 
but  is  not  entirely  concordant  with  the  foregoing  work.  In 
the  case  of  the  tin-amalgams.  Van  Heteren^  has  found  that 
either  tin,  or  a  solid  solution  of  mercury  in  tin,  freezes  out 
from  the  liquid  down  to  -34.5°  C,  at  which  point  a  transforma- 
tion takes  place,  and  the  new  form,  "  probably  mixed  crystals," 
freezes  out  to  the  solidification  point  of  mercury.  Roozeboom* 
has  shown  that,  in  the  series  Cd-Hg,  above  77  per  cent,  of  Cd 
mixed  crystals  separate  out;  below  67  per  cent,  of  Cd  other 
mixed  crystals  of  the  Hg  type  separate  out;  between  these 

^  Gattaneoy  AUi  deUa  Beale  Accademia  deUe  seieme  di  Torino^  vol.  XXY.^  pp. 
342-59,  492  (1890). 

*  ZeUaehnftfurphysikaliw^  Chemie,  vol.  xli.,  p.  399  (1902). 

'  ZeitKhr^fiir  anorganiacke  Chemie,  series  2,  vol.  xlii.,  p.  129  (1904). 

♦  Proceedings  Koninldikje  Akademie  van  Wetensehappen,  AmaUrdam,  vol.  iv.,  p.  1 
(1901). 
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ranges  the  action  is  more  complex.  Cd  is  insoluble  in  solid 
mercury. 

The  most  complete  study  of  amalgams  by  means  of  their 
cooling-curves  has  been  done  by  Pushin"  who  carefully  traced 
the  cooling-curves  of  the  series,  Hg-Bi;  Hg-Cd;  Hg-Zn;  Hg-Pb 
and  Hg-Sn.  These  curves  showing  no  evidence  of  the  separ- 
ation of  inter-metallic  compounds,  the  author  concluded  that 
the  series  Hg-Zn  and  Hg-Bi  are  mechanical  mixtures,  and  the 
series  Hg-Cd,  Hg-8n  and  Hg-Pb  are  solid  solutions.  These  re- 
sults can  scarcely  be  accepted  without  comment,  but  criticism 
does  not  find  a  proper  place  here.  Mercury  forms  the  eutec- 
tic  for  all  the  series,  except  Hg-Zn,  where  the  eutectic  occurs 
at  about  2^  per  cent  of  Zn.  Tamman^  had  already  shown 
that  for  the  series  Hg-Zn  and  Hg-Bi  the  eutectic  is  very  nearly 
pure  mercury. 

In  conclusion,  it  may  be  said  that  with  the  alkali  metals  mer- 
cury forms  a  rather  complicated  series  including  several  inter- 
metallic  compounds.^  With  some  of  the  other  metals  the 
amalgams  consist  of  solid  or  liquid  solutions  or  mixtures  of 
both.     Others  are  not  yet  completely  understood. 

in.  Gold  and  Silver  Amalgams. 

1.  Native  Amalgams. — ^Naturally  occurring  amalgams  of  gold 
and  silver  have  been  found  in  some  localities.  Schneider*  re- 
ports gold-amalgam  occurring  in  small  grains  with  the  pla- 
tinum of  Colombia,  and  having  approximately  the  composition 
Au«Hg5.  An  amalgam  from  the  Mariposa  region,  California, 
analysed  by  Sonnenschein,*  was  nearly  AujHg^  in  composition. 
Silver-amalgam  is  more  common,  and  numerous  occurrences 
and  analyses  are  cited  in  Dana's  System  of  Mineralogy.  The 
crystals  of  silver-amalgam  are  isometric,  commonly  dodecahe- 
dral,  the  analyses  vary  from  Ag^Hgj  to  nearly  pure  silver.  Iso- 
metric crystals  occurring  in  cavities  filled  with  mercury,   at 

^  ZurruU  ruukago  phynko-ehimtBkago  OhakestvOy  vol.  zxxiy.,  p.  856  (1902).     Zeit' 
tehriftfwr  anorgwmche  ChemUy  xxvi.,  p.  201  (1904). 

*  ZeUsehr^fur  phygihdieche  Chemit^  yol.  iii.,  p.  441  (1889). 

^  SchuUer,  Metallurgies  vol.  L,  p.   433   (1904).      Kuroakov,  Zumal  rusakago 
physiko-ehimiakago  Obshestvo^  vol.  xxxi.,  p.  927  (1899). 

»  Joumcdfur  practische  Chende,  vol.  xliii.,  p.  317  (1848). 

'  Zeitsehriftder  DeutMchen  geologischen  OeseUtchcfi,  vol.  vi.,  p.  243  (1854). 
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Sala,  Sweden,  analysed  by  Sjogren,^®  had  the  composition 
AgjHg,.  But  in  the  case  of  these  amalgams  it  is  only  where 
there  is  excess  of  mercury  present  that  we  can  be  certain  that 
no  mercury  has  been  lost  by  alteration.  It  is  extremely  diffi- 
cult to  free  the  amalgam  from  this  excess  of  mercury  and  the 
analyses  do  not  seem  to  justify  a  more  definite  statement  than 
that  the  composition  of  natural  amalgams  is  somewhere  near 
AuHg  and  AgHg. 

2.  Artificial  Amalgams. — Joule"  in  1850  described  the  prep- 
aration of  a  silver  amalgam  by  the  action  of  silver-nitrate  on 
mercury.  He  used  a  pressure  of  72  tons  (per  square  inch  ?)  to 
press  out  the  excess  of  mercury,  and  in  this  way  produced  a 
hard  mass  of  shining  crystals  to  which  he  gave  the  formula 
AgHg. 

Henry**  treated  finely-divided  gold  with  mercury,  removed 
the  excess  of  the  latter  by  pressing  through  chamois  leather, 
and  treated  the  residue  with  hot  nitric  acid,  thus  obtaining 
yellow  shining  crystals  to  which  he  assigned  the  formula 
AugHg. 

DeSousa"  attempted  to  obtain  amalgams  free  from  excess  of 
mercury,  by  holding  them  at  a  high  temperature  and  ordinary 
pressure  until  there  was  no  further  loss  of  weight  The  tem- 
peratures used  were  those  of  boiling  mercury,  sulphur  and 
diphenylamine.  At  the  temperature  of  boiling  mercury,  he 
obtained  Au^g  and  Ag^Hg.  In  sulphur  vapor  Au^Hg  and 
AgjjHg  were  produced,  while  with  diphenylamine  AugHg  and 
Ag^Hg  were  found. 

Merz  and  Weith"  later  repeated  this  work  more  carefully, 
conducting  the  heating  in  a  stream  of  hydrogen  or  nitrogen. 
They  found  that  the  loss  of  mercury  was  apparently  continuous, 
though  very  slow,  in  the  later  stages,  and  concluded  that  the 
amalgams  are  decomposed  at  the  boiling-point  of  mercury  and 
that  the  small  amount  of  mercury  retained  is  mechanically 
held. 

i<>  OeologiskaFdreninffena  i  Stockholm  ForkaridHnger,  vol.  xzii.,  p.  187-190  (1900). 
i^  Britiah  A$9oeiaH(m  Beport,  1850,  p.  55. 
^'  PhtUaophieai  MagaxiM^  series  4,  vol.  iz.,  p.  468. 

"  Beriehte  der  DeuJtschtn  ehemUchm  OeadUehcfiy  vol.  Tiii.,  p.  1616  and  vol  ix., 
p.  1050. 

^*  BerUhU  der  Deut8chen  chemidchen  OeteU^chcfi^  yol.  ziv.,  p.  1438. 
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SchnausB"  and  Dudley,**  repeating  the  work  in  the  same 
manner  as  De  Sousa,  obtained  similar  resalts. 

Knaffl,"  using  HNO,  of  1.85  sp.  gr.  at  a  temperature  of  80°  C, 
separated  isometric  crystals  which  he  states  to  be  nearly  pare 
gold.     Chester"  found  that,  beginning  with  cold  nitric  acid 
of  1.2  sp.  gr.,  gently  heating,  and  finishing  with  hot  acid  of 
1.4  sp.  gr.,  elongated  needles  could  be  obtained  which  appeared 
to  be  hexagonal  prisms  terminated  with  pyramids  and  base. 
These  contained  about  6  per  cent,  of  mercury.      Both  Knaffl 
and  Chester  were  investigating  the  crystallization  of  gold,  and 
paid  little  attention  to  the  mercury  content  of  the  crystals. 
Wilm*'  by  the  use  of  nitric  acid  obtained  needles  and  prisms 
which  contained  from  9.87  to  11.46  per  cent,  of  mercury. 
Fedorow**  states  that  the  crystals  left  by  the  treatment  of  gold- 
amalgam  with  nitric  acid  are  prismatic,  belonging  to  the  hex- 
octahedral  class,  being  elongated  in  a  direction  perpendicular 
to  the  octahedron  faces.      Premy**  states  that  a  white  crystal- 
line mass  having  the  composition  AuHg^  can  be  separated  fit)m 
gold-amalgam.      Many  other  statements  in  regard  to  the  com- 
position of  gold-amalgams  can  be  found  scattered  through  tech- 
nical journals  and  text  books,  but  these  are  usually  vague  or 
are  based  on  very  slender  evidence. 

Kasantseff^  studied  the  action  of  nitric  acid  on  solid  and 
liquid  gold-amalgams,  concluding  that  the  resulting  alloys  were 
not  homogeneous  in  character.  He  also  investigated  the  solu- 
bility of  gold  in  mercury,  by  filtering  a  liquid  amalgam  through 
capillary  tubes,  and  determined  a  solubility  of  0.011  per  cent, 
of  gold  at  0°  C,  0.126  per  cent,  at  20°  C.  and  0.65  per  cent, 
at  100°  C.  Dudley^  checked  this  work  by  allowing  mercury 
containing  0.1  per  cent,  of  gold  to  stand  quietly  for  several 

"  Arehiv  der  Pharmaziey  series  3,  vol.  vi.,  p.  411. 

^*  Proceedings  American  Asaoeiaiion  for  the  Advancement  cf  Science,  yol.  xxxyiii.^ 
p.  145  (1889). 

"  Dingier' 8  Polytechniache  Journal,  vol.  clxviii.,  p.  282  (1863). 

^^  American  Journal  of  SeiencCf  series  3,  vol.  xvi.,  p.  29  (1878). 

"  ZeiUchr^fur  anorganiBche  Chemie,  vol.  iv.,  p.  326  (1893). 

"^  VerhancUung  der  russitehen  Kaiterliehen  chemisehen  Oesellschaft,  voL  xxx.,  p. 
455  (1893). 

"  Encydopedie  e  Chimigw,  vol.  iii.,  p.  99. 

**  Bvllelin  de  la  SociiU  Chemiguef  series  2,  vol.  xxx.,  p.  20. 

**  Proceedings  of  the  American  Association  for  the  Advancement  of  Sdenee,  vol. 
xxxviiL,  p.  160  (1889). 
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months  at  20°  C.  in  a  tall  glass  cylinder.  The  mercury  de- 
canted from  the  top  at  the  end  of  this  time  contained  0.068 
per  cent,  of  gold,  and  after  filtering  through  boxwood  con- 
tained 0.06  per  cent,  of  gold,  indicating  that  tiie  higher  figures 
are  due  to  the  presence  of  fragments  of  gold  or  gold-amalgam 
so  minute  as  to  pass  through  the  filtering  device  employed. 

Berthelot"  studied  the  heat  of  formation  of  various  silver 
amalgams;  the  results  are  significant,  but  are  not  easily  ex- 
plained. Ogg^  has  investigated  the  chemical  equilibrium  be- 
tween silver  nitrate  solution  and  mercury.  He  found  that  be- 
yond a  certain  concentration  of  silver  in  the  mercury  a  solid 
phase  separates  out.  By  the  use  of  methods  analgous  to  those 
generally  adopted  for  hydrated  salts  the  composition  was  de- 
termined to  be  AgjHg^.  This  agrees  very  closely  with  the  nat- 
urally occurring  silver  amalgam. 

8.  Research  Work. — The  work  of  Pushin  on  the  cooling-curves 
of  amalgams  resulted  in  the  a<;quiring  of  definite  data  in  re- 
gard to  their  constitution.  The  attempt  was  therefore  made  to 
apply  this  method  of  study  to  the  gold-amalgams.  A  nickel- 
copper  thermo-electric  couple  was  prepared  and  calibrated  for 
the  purpose;  nickel-copper  being  employed  rather  than  pla- 
tin-rhodium  because  of  its  much  greater  sensitiveness,  espe- 
cially for  the  ranges  of  temperature  within  which  it  was  in- 
tended to  be  employed. 

The  mercury  used  was  chemically  pure,  having  been  puri- 
fied by  redistillation  and  treatment  with  acid.  The  gold  em- 
ployed was  inquarted  and  parted  with  nitric  acid,  then  dis- 
solved in  aqua  regia,  and  precipitated  by  warming  with  ethyl 
alcohol,  yielding  a  bright  crystalline  powder  which  was  readily 
taken  up  by  the  mercury. 

Since  mercury  forms  the  eutectic  of  the  gold-mercury  series 
it  is  evident  that  for  mixtures  high  in  mercury  the  freezing- 
point  curve  coincides  with  the  solubility  curve  of  gold  in  mer- 
cury. The  solubility  of  gold  in  mercury  being  known  from 
the  researches  of  Kasantseff  and  Dudley,  it  was  easy  to  pre- 
pare an  alloy  of  such  composition  that  on  cooling  from  the 
molten  state  the  solid  phase  should  begin  to  separate  out 
near  100°  C.     This  was  placed  in  a  small  hard  glass  tube 

**  OompUs  rendns,  vol.  cxxxiL,  p.  241  (1901). 

'^  Zeitachrift  fir  phynkalisehe  OiemU,  vol.  xxvii.,  p.  285  (1898). 
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sarrounded  by  a  mixture  of  magDegia  and  asbeBtOB,  the  whole 
being  enclosed  in  a  crucible  and  carefully  covered  to  exclude 
drafts.  It  was  raised  to  a  temperature  of  160®  C.  and  slowly 
cooled.  The  cooling-curve  was  perfectly  smooth,  without  any 
breaks  whatever.  The  experiment  was  repeated  several  times 
with  always  the  same  result.  Mixtures  containing  more  gold 
were  then  employed  and  the  initial  heating  was  carried  to 
higher  temperatures,  finally  using  a  mixture  in  which  it  was 
evident  that  there  was  a  solid  phase  still  present  near  the  boil- 
ing point  of  mercury.  So  much  mercury  is  lost  by  volatiliza- 
tion at  these  high  temperatures  that  any  results  which  might 
have  been  obtained  would  have  been  untrustworthy. 

No  breaks  in  the  cooling-curve  could  be  detected,  and  it  be- 
came evident  that  this  method  of  research  was  unproductive 
of  results.  Probably  this  was  because  the  lag  of  the  solid 
phase  was  not  marked  enough  to  produce  a  distinct  jog  in  the 
curve.  It  was  not  possible  to  work  with  mixtures  high  in  gold, 
for  the  mercury  is  lost  by  volatilization  below  their  fusing- 
points  at  ordinary  pressure,  and  the  facilities  were  not  at  hand 
for  working  under  high  pressures.  The  study  of  cooling-curves, 
therefore,  had  to  be  abandoned,  without  having  secured  any 
definite  results. 

But  this  work  had  shown  that  a  solid  phase  is  present  at  or- 
dinary temperatures  with  alloys  low  in  gold.  The  constitution 
of  this  solid  phase  was  the  next  subject  of  investigation.  It 
was  inferred  that  if  an  alloy  was  prepared  in  which  the  gold 
was  entirely  in  solution  in  the  mercury,  and  this  alloy  sub- 
jected to  the  action  of  a  solvent  which  would  dissolve  the  mer- 
cury, but  not  attack  the  solid  phase,  then  we  would  get  prac- 
tically the  effect  of  the  freezing-out  of  the  solid  phase  by  the 
removal  of  the  mercury  with  which  it  was  in  equilibrium, 
finally  leaving  only  the  solid  phase  present. 

Nitric  acid  was  judged  to  be  the  most  likely  solvent  to  yield 
good  results.  An  excess  of  the  finely-divided  gold  was  added 
to  mercury,  and  the  mixture  held  at  100°  C.  The  resulting 
liquid  was  filtered  off  and  treated  with  nitric  acid  of  different 
strengths,  both  at  100°  C.  and  at  ordinary  temperature.  The 
results  were  very  variable.  Acid  of  1.42  sp.  gr.  at  100°  C. 
gave  a  brownish  powder,  of  indistinct  structure,  which  was 
nearly  pure  gold,  becoming  bright  on  ignition.    With  acid  of 
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less  and  less  strength  the  solid  contained  more  mercury,  and 
with  1.1  acid  the  residue  contained  18.62  atomic  per  cent,  of 
mercury  (i,  €.,  18.62  atoms  of  mercury  in  100  atoms  of  the 
alloy).  Numerous  determinations  on  this  residue  showed  it  to 
be  fairly  uniform  in  composition  throughout. 

The  residues  were  examined  under  the  microscope  by  re- 
flected light,  using  magnifications  of  40  and  60  diameters.  The 
powders  from  the  stronger  acid  were  indistinctly  crystalline, 
apparently  isometric  where  the  form  could  be  distinguished. 
The  residue  from  the  1.1  acid  was  made  up  of  distinct  isomet- 
ric crystals  of  a  golden  color,  the  octahedron  and  cubo-octahe- 
dron  being  the  forms  observed.     Scattered  throughout  these 


Magnified  60  Diameters. 
Fig.  1.— Oold-Meecury  Skbibs.    Isobcbtric  Cbystals,  Solid  Solution. 

were  a  few  long  needles  of  a  bright  brassy  yellow ;  their 
form  could  not  be  determined  beyond  that  they  were  appar- 
ently elongated  prismatic  crystals.  Good  photographs  of  this 
crystal  mixture  could  not  be  obtained  because  of  the  nature 
of  the  material,  but  Fig.  1  shows  its  general  isometric  char- 
acter. 

With  the  use  of  nitric  acid  of  1.05  sp.  gr.  different  results 
were  obtained.  The  entire  residue  consisted  of  the  brassy  yel- 
low crystals,  and  these  were  now  so  well  developed  that  they 
could  be  distinctly  seen  to  be  hexagonal  prisms  terminated  with 
pyramids  and  the  basal  pinacoid.  Their  surfaces  were  bright 
and  they  had  evidently  not  been  attacked  by  the  acid.     On 
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analysis  they  proved  to  contain  17.44  atomic  per  cent,  of  mer- 
cury.    They  are  shown  in  Fig.  2. 

Subsequently  to  reaching  these  results  it  was  discovered  that 
A.  H.  Chester^  had  described  hexagonal  crystals  of  gold-amal- 
gam, stating  that  they  contained  about  6  per  cent,  of  mercury. 
Fortunately  Chester's  original  material  was  still  available  for 
study,  and  upon  examining  it  the  pitted  and  corroded  surface 
of  the  crystals  was  ample  evidence  that  mercury  must  have 
been  lost  by  the  use  of  too  strong  acid.  Chester  used  1.2  acid 
at  18°  C.  at  the  start,  finally  finishing  with  strong  hot  acid, 
hence  the  composition  obtained. 


Magnified  40  Diameters. 

Fio.  2. — Gold-Mercury  Seribs.    Hexagonal  CrystalBi  Inter-metallic 

Compound  or  Solh)  Solution. 

An  attempt  was  made  to  study  polished  surfaces  of  the  gold- 
mercury  alloys.  The  surfaces  were  obtained  by  casting  on 
glass  and  mica.  In  every  case  the  excess  of  mercury  present 
coated  the  crystals,  giving  only  indistinct,  rounded  outlines 
from  which  nothing  could  be  inferred. 

Having  thus  learned  the  degree  to  which  mercury  is  soluble 
in  gold,  the  solubility  of  gold  in  mercury  was  next  investigated. 
The  diflfering  results  of  KasantseflF  and  Dudley  have  already 
been  cited.  The  methods  used  in  checking  these  results  were 
two  in  number :  adding  an  excess  of  gold,  heating  to  a  higher 
temperature  and  filtering  at  the  temperature  desired ;  and  sus- 

'•  American  Journal  of  Science^  series  3,  vol.  xvi.,  p.  29  (1878). 
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pending  a  thin  sheet  of  gold  below  the  surface  of  the  mercury, 
holding  the  two  for  several  days  at  the  temperature  at  which  it 
was  desired  to  obtain  the  solubility  and  then  analysing  the 
mercury.  In  the  former  method  fine  cambric  and  close-grained 
chamois  were  used  for  the  filters*  It  was  found  that  the  ap- 
parent solubility  varied  with  the  closeness  of  the  filter,  the  pres- 
sure used  in  filtering,  and  also  the  degree  to  which  the  liquid 
had  previously  been  heated,  thus  sustaining  the  contention  of 
Dudley  that  the  apparent  solubility  is  due  in  part  to  the  pres- 
ence of  minute  solid  particles  which  have  passed  through  the 
filter.  The  results,  though  irregular,  indicated  that  the  solu- 
bility is  at  least  not  higher  than  the  figures  given  by  Dudley, 
namely,  0.06  per  cent,  at  20®  C.  This  conclusion  was  confirmed 
by  the  second  method,  which  also  gave  a  solubility  of  0.25  per 
per  cent,  at  100°  C.  The  first  method  gave,  for  the  solubility 
at  100°,  0.85  per  cent.  In  determining  the  solubility  by  diffu- 
sion, the  liquid  was  held  a  few  days  at  100°  C,  but  the  diffusion 
may  perhaps  not  have  completed  itself,  and  the  true  solubility 
may  be  the  mean  of  the  two  figures. 

The  solubility  of  gold  in  mercury  is  very  low  indeed.  Judg- 
ing from  the  direction  of  the  curve  it  is  zero  at  the  freezing- 
point  of  mercury,  so  that  pure  mercury  is  the  eutectic  of  the 
gold-mercury  series. 

The  results,  though  not  entirely  satisfactory,  seem  to  justify 
the  conclusion  that  in  the  gold-mercury  series  where  the  con- 
tent of  gold  is  high,  a  solid  solution  of  mercury  in  gold  which 
is  isomorphous  with  gold  separates  out.  This  solution  may 
contain  as  much  as  13  atomic  per  cent,  of  mercury.  In  the 
lower  ranges  of  the  series,  what  seems  to  be  an  inter-metallic 
compound  (holding  gold  or  mercury  in  solid  solution)  contain- 
ing 17.44  atomic  per  cent,  of  mercury  separates  out;  this  crys- 
tallizes in  the  hexagonal  system.  From  results  on  other  amal- 
gams, there  remains  a  question  as  to  whether  this  is  really  an  in- 
termetallic  compound  rather  than  a  solid  solution  differing  from 
the  first.  This  question,  and  others  not  completely  answered 
in  the  foregoing  work,  can  be  decided,  but  only  after  a  large 
amount  of  very  careful  work.  Their  importance  as  bearing  on 
the  question  actually  under  investigation  did  not  appear  to  be 
great  enough  to  justify  undertaking  such  work  at  this  time. 
Finally,  gold  is  practically  insoluble  in  solid  mercury,  and  the 
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solubility  in  liquid  mercury  for  ordinary  ranges  of  temperature 
is  very  slight  indeed. 

The  investigation  of  the  silver-mercury  series  presents  all  the 
diflSculties  of  the  gold-mercury  series,  with  the  added  one,  that 
no  solvent  could  be  found  which  would  attack  mercury  without 
attacking  the  solid  phase.  The  only  results  worth  mentioning 
were  obtained  by  placing  a  solution  of  silver  in  mercury  on 
silver  plates  and  allowing  the  silver  plate  to  absorb  the  ex- 
cess of  mercury.  In  this  way  the  crystals  were  obtained  that 
are  shown  in  Figs.  8  and  4.  These  show  the  presence  of  two 
series  of  crystals,  one  apparently  isometric  and  the  other  pris- 


Magnified  40  mametera. 
Fio.  3. — SniVEB-MsRcuRT  Skrieb.    Isometric  Cbtbtals. 

matic,  with  some  modifying  faces.  From  this  evidence  it  may 
be  inferred  that  silver  is  similar  to  gold  in  the  forms  which 
separate  out  from  its  series  with  mercury.  The  crystals  were 
too  small  to  analyze. 

In  this  connection  it  must  be  remembered  that  Ogg^  has 
shown  that  silver  forms  the  inter-metallic  compound,  Ag,Hg^, 
with  mercury. 

IV.  Mechanics  of  the  Amalgamation  Process. 

By  the  foregoing  considerations  the  belief  is  confirmed  that 
amalgamation  is  a  physical  rather  than  a  chemical  process. 
The  solubility  of  gold  in  mercury  is  almost  negligible,  and  the 

'^  ZeUaehriftfurphygikalMie  Chemit,  voL  xzyU.,  p.  285  (1898). 
[12] 


THE   AMALGAMATION   OF   GOLD-ORES.  479 

diffasion  of  the  mercury  into  the  gold,  forming  a  solid  solution 
or  inter-metallic  compound,  is  a  rather  slow  process,  unless  the 
gold  is  very  finely  divided,  whereas  the  "  catching  "  of  the  gold 
by  the  mercury  is  almost  instantaneous.  It  is  from  a  study  of 
the  physical  features  of  the  process  that  information  is  to  be 
derived  regarding  the  proper  conduct  of  the  operation.  Yet 
it  must  not  be  forgotten  that  although  amalgamation  is,  with 
respect  to  any  given  particle  of  gold,  an  almost  instantaneous 
process,  with  respect  to  the  total  mass  of  ore  it  is  a  continuous 
process,  and  any  change,  however  slow,  must  in  time  produce 
either  beneficial  or  detrimental  effects.     All  the  forces  which 


Magnified  40  Diameters. 
Fio.  4— Silveb-Mercubt  Series.    Prismatic  Crystals. 

operate  must  therefore  be  considered,  and  their  relative  effects 
determined. 

With  the  exception  of  the  tellurides,  gold  occurs  in  its  ores 
as  metallic  or  free  gold,  though  frequently  alloyed  with  greater 
or  less  amounts  of  silver,  and,  less  frequently,  with  some  other 
metals.  Whether  the  tellurides  of  gold  and  silver  are  alloys 
or  compounds  is  not  a  proper  question  for  discussion  here. 
The  ores  of  gold  are  usually  divided  into  two  classes,  "  free 
milling  "  and  <*  refractory  "  ores. 

The  closest  practicable  definition  of  these  is  that,  in  a  "  free- 
milling  *'  ore,  the  gold  occurs  in  such  a  form  that  it  is  readily 
and  fairly  completely  recovered  by  crushing  and  amalgama- 
tion, while  in  refractory  ores  this  is  not  the  case.     That  the  re- 
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fractorinesB  of  an  ore  may  arise  from  one  or  more  of  a  variety 
of  conditions  will  be  easily  seen  after  outlining  the  physical 
features  of  the  amalgamation  of  a  "  free-milling  "  ore. 

The  purpose  of  the  crushing  operations,  usually  performed 
in  a  stamp  mill  with  water,  is  to  free  the  gold  from  the  adher- 
ing gangue.  The  action  of  a  stamp  has  been  aptly  likened  to 
that  of  a  hammer  cracking  a  nut  and  liberating  the  enclosed 
kernel.  If  the  stamp  has  done  its  work  properly  the  pulp,  as 
it  passes  through  the  battery-screens,  consists  of  particles  of 
gangue  and  particles  of  free  gold.  This  pulp  is  caused  to  pass 
over  copper  plates  coated  with  mercury  in  a  thin  film.  No  min- 
eral matter  other  than  metal  is  susceptible  of  being  wetted  by 
the  mercury,  and,  in  addition,  all  the  ore-material  other  than 
the  metal  is  much  less  in  specific  gravity  than  the  mercury ; 
hence  it  flows  over  the  mercury  surface  without  being  affected 
by  it.  The  gold,  on  the  other  hand,  on  coming  in  contact  with 
the  mercury  is  immediately  wetted  by  it,  just  as  any  ordinary 
solid  is  wetted  by  water ;  the  action  of  the  two  liquids,  water 
and  mercury,  being  identical  from  a  physical  standpoint,  their 
apparent  differences  being  due  to  the  differences  in  their  physi- 
cal constants.  This  action  is  assisted  by  the  fact  that  gold  has 
a  greater  specific  gravity  than  mercury,  and  therefore  readily 
sinks  beneath  its  surface ;  but  this  feature  is  not  so  important  as 
an  earlier  writer"  has  claimed,  for  silver  and  the  other  lighter 
metals  are  readily  amalgamated  when  their  surfaces  are  in 
proper  condition  to  be  wetted  by  the  mercury. 

The  gold  particle,  therefore,  sinks  beneath  the  surface  of  the 
mercury  film  which  coats  the  plates,  or,  in  mill-parlance,  it  is 
"  caught."  If  the  diameter  of  the  particle  is  less  than  the 
thickness  of  the  mercury  film,  it  produces  no  disturbing  effect 
on  it.  If,  however,  its  diameter  be  greater  than  this,  as  will 
always  be  the  case  with  coarse  gold,  the  condition  of  affairs 
produced  is  as  shown  in  Fig.  5. 

The  mercury  rises  over  the  grain  of  gold.  But,  as  is  well 
known,  every  liquid  has  a  tendency,  due  to  surface  tension,  to 
provide  itself  with  a  horizontal  upper  bounding  surface.  In 
the  attempt  to  do  this  in  that  part  of  the  surface  which  is  ele- 

*^  Charch,  SdtnXific  American,  Oct  7,  1871.     Mmeral  Resources  West  of  the  Boeky 
M(mntaina  (Rajmond),  1872,  p.  422. 
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vated  by  the  gold  grain  lying  beneath,  the  pull  of  the  surface 
tension  is  resolved  into  components  which  press  down  the 
gold  grain  against  the  plate  with  a  force  which  is  considerable, 
compared  with  the  dimensions  and  weights  involved.  This 
force  begins  to  be  exerted  the  instant  the  grain  of  gold  is  wetted 
by  the  mercury,  and  continues  to  operate  until  the  grain  is 
drawn  beneath  the  surface ;  it  constitutes  the  so-called  "  attrac- 
tion" which  mercury  possesses  for  gold.  Its  exact  amount 
may  be  computed,  knowing  the  size  and  shape  of  the  grain,  the 
thickness  of  the  film  and  the  temperature.  Under  the  influ- 
ence of  this  force  the  grains  of  gold  are  caused  to  adhere  to 
each  other  and  to  the  plate  with  great  tenacity,  especially  if  it 
is  assisted  by  the  splashing  or  dropping  of  the  pulp. 

A  third  factor,  which  is  of  great  importance  in  causing  amal- 
gam to  become  hard,  is  a  slow  molecular  flow,  or  some  action 
of  similar  character.     An  amalgam  of  finely-divided  gold  and 


Pro.  6.— Eppbct  op  Comtact  of  a  Grain  of  Gold  with  a  Thin 
Later  of  Mbscuby. 

silver,  made  up  to  the  consistency  of  a  soft  paste,  will,  after 
standing  several  days,  become  quite  hard  and  rigid,  but  after 
kneading  with  the  fingers  assumes  its  original  consistency. 
On  standing  again,  it  becomes  as  hard  as  before,  and  this  op- 
eration may  be  repeated  indefinitely.  The  hardening  is  much 
accelerated  at  higher  temperatures,  and,  while  it  may  be  in  part 
due  to  agglomeration  /caused  by  slight  changes  in  the  amount 
of  mercury  in  solution  in  the  silver  or  gold,  resulting  from  the 
daily  variations  of  temperature,  yet  chiefly  it  seems  to  be  due 
to  a  movement  of  the  particles  of  the  metal,  causing  cohesion. 
Under  the  influence  of  these  three  factors  the  amalgam  accu- 
mulated on  a  plate  sometimes  becomes  quite  hard,  requiring 
considerable  force  to  remove  it. 

It  follows,  accordingly,  that  any  condition  which  tends  to  make 
the  gold  particles  less  easily  wetted  by  the  mercury  has  an  im- 
portant detrimental  influence  on  amalgamation.  These  condi- 
tions are  many  and  varied.    The  influence  of  grease  of  any  sort 
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is  BO  well  known  that  it  needs  only  to  be  mentioned.  If  the 
gold  has  not  been  liberated  by  the  crushing,  it  cannot,  of  course, 
be  caught,  and  if  it  has  been  only  partially  liberated  the  ten- 
dency of  the  mercury  to  hold  the  gold  particle  may  be  over- 
l)alanced  by  the  tendency  of  the  current  to  sweep  along  the 
adhering  particle  of  gangue.  Gold  alloyed  or  combined  with 
other  substances  is  frequently  rendered  by  them  incapable  of 
being  wetted  by  the  mercury.  This  is  the  case  with  the  telln- 
rides.  Some  writers  have  asserted  that  gold  occurs  in  cer- 
tain ores  as  a  sulphide,  but  the  evidence  adduced  to  prove  such 
a  contention  is  inconclusive.  Gold  alloyed  with  bismuth  is 
similarly  affected,  and  there  may,  perhaps,  be  other  cases. 
Much  more  common,  especially  in  ores  which  have  been  subject 
to  alteration,  are  adherent  coatings  of  minerals  which  are  not 
wetted  by  the  mercury.  These  are  commonly  oxides,  but  may 
be  sulphides  or  other  gangue  minerals.  One  case  has  been 
noted  where  the  gold  particles  were  coated  with  a  film  of  chal 
cedonic  silica.  Buch  coatings  are  often  difficult  to  remove,  and 
it  may  be  necessary  to  resort  to  some  process  other  than  amal- 
gamation. A  more  lengthy  discussion  of  them  and  their  effects 
can  be  found  in  the  references  given  below.*^ 

Another  cause  suggested  for  the  refusal  of  mercury  to  wet 
gold  at  times  is  that  the  latter  may  be  in  a  strained  state. 
Egleston*^  reported  that  gold,  after  hammering  or  rolling  until 
it  was  brittle,  would  not  amalgamate,  though  it  had  been  cleaned 
with  acid.  T.  E.  Rose'^  reports  that  he  was  not  able  to  confirm 
these  observations.  On  rolling  down  pure  gold  until  it  was  ex- 
tremely brittle,  I  found  that  it  would  not  amalgamate,  even 
afl;er  cleaning  with  acid.  But,  on  the  surface  being  careftilly 
cleaned  with  No.  0000  French  emery-paper,  it  readily  amalga- 
mated, demonstrating  that  the  refusal  of  the  mercury  to  wet 
its  surface  was  due  to  the  dust  and  dirt  which  had  been  pressed 
into  it,  and  not  to  the  strained  condition  of  the  metal. 

Very  fine  gold  may  be  carried  along  so  rapidly  by  the  cur- 
rent that  it  does  not  come  into  contact  with  the  mercury.  To 
prevent  this  as  far  as  possible,  the  outside  plates  are  given  such 
a  grade  that  as  little  water  may  be  used  as  is  consistent  with  se- 

^  EgleBtoUf  MeUdlurgy  of  OM,  Silver  and  Mercury,  pp.  584-96.     McDermott 
and  Daffield,  Losses  in  OM  Milling, 
»  Trans.,  ix.,  p.  648  (1881),  "  Rose,  MetaUurgy  o/  Odd,  p.  149. 
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curing  free  movement  of  the  pulp.  Even  if  brought  into  con- 
tact with  the  mercury,  it  may  refuse  to  become  wetted  by  it, 
because  the  mercury  is  not  able  to  displace  the  air  or  liquid 
film  already  adhering  to  such  fine  particles.  The  application 
of  similar  action  in  the  case  of  some  sulphides  in  the  various 
flotation  processes  is  already  known.  The  refusal  of  mercury 
to  wet  very  fine  gold  has  been  noted  by  many  writers,  and 
Louis^  has  ascribed  it  to  the  existence  of  an  allotropic  modifi- 
cation of  gold  which  is  not  wetted  by  mercury.  This  may  be 
the  case,  but  very  finely-divided  silver  also  refuses  to  be  wetted 
by  mercury,  and  it  is  perhaps  better  to  leave  the  matter  as  an 
open  question  until  further  proof  can  be  adduced. 

It  is  usually  the  case  that  mercury  is  fed  into  the  stamp  bat- 
tery in  order  that,  during  the  agitation  of  crushing,  the  gold 
may  be  brought  into  contact  with  the  mercury,  each  grain  being 
thereby  thoroughly  wetted.  By  the  violent  agitation  during 
crushing,  the  mercury  is  subdivided  into  very  small  globules, 
thereby  greatly  increasing  the  chances  that  every  gold  particle 
will  be  brought  into  contact  with  the  mercury  and  receive  an 
adherent  coating,  which  practically  insures  its  being  "  caught " 
by  the  plates.  This  is  for  a  triple  reason :  the  weight  of  the  par- 
ticle is  greatly  increased,  it  is  made  more  nearly  spherical  and 
correspondingly  less  likely  to  be  carried  off  by  the  current  of 
water,  and,  finally,  the  mercury  film  of  the  plates  more  readily 
"  catches  "  a  wetted  particle  than  a  dry  one.  To  express  the 
last  statement  in  another  way,  mercury  has  less  sur&ce  tension 
against  mercury  than  it  has  against  gold.  This  subdivision  of 
mercury  into  fine  globules  is  one  of  the  most  important  func- 
tions of  the  stamp-mill,  and  many  authorities  ascribe  the  ex- 
cellence of  stamp-milling  as  a  process  for  the  treatment  of  gold- 
ores  principally  to  this  feature  of  the  operation. 

But  disadvantages  are  also  introduced  by  this  practice.  The 
most  important  of  these  are  the  losses  brought  about  by  the 
"sickening"  and  "flouring"  of  the  mercury.  This  arises 
chiefly  from  one  or  all  of  three  causes.  The  first  is  purely  me- 
chanical. By  the  agitation  in  the  battery  the  mercury  is  broken 
up  into  such  small  drops  that  the  surface  tension  of  each  is 
enormous,  compared  to  its  weight.   This  great  surface  tension** 

«  Trans,  y  xx.,  182,  and  xxiv.,  705. 

"  The  sorfftoe  tension  of  mercury  against  water  at  20^  C  is  418  dynes  per 
linear  centimeter.     Quincke,  Weidemann*8  Annaien^  1886,  p.  219. 
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then  keeps  the  globules  perfectly  spherical,  and  when  they 
come  into  contact  it  is  only  at  a  point  rather  than  along  a  line 
or  upon  a  surface ;  the  tendency  of  two  globules  to  coalesce 
when  they  come  into  contact,  or  to  sink  beneath  the  mercury 
surface,  is  therefore  very  slight,  and  they  are  carried  away  with 
the  pulp  and.  lost  The  tendency  to  settle  is  also  very  slight, 
just  as  a  pebble,  which  falls  to  the  earth  rapidly,  will,  after 
being  ground  to  dust,  float  in  the  air  indefinitely.  The  second 
cause  is  also  mechanical,  and  arises  from  the  presence  of  cer- 
tain minerals  which  yield  very  fine  slimes  that  adhere  to  the 
mercury  surface,  though  not  wetted  by  it  When  covered  with 
this  fine  coating  the  globules  can  scarcely  be  made  to  coalesce 
with  each  other  or  with  the  mercury  or  the  plates,  and  their  loss 
is  almost  unavoidable,  though  the  use  of  mercury  traps  is  of 
considerable  assistance. 

An  entirely  similar  action  with  water  can  be  seen  by  sprink- 
ling drops  of  water  on  a  surface  previously  coated  with  lycopo- 
dium  powder.  Each  drop  becomes  coated  with  the  powder, 
taking  on  a  spherical  shape,  if  small,  and  moving  about  with 
the  "  quickness  "  of  mercury.  The  drops  can  scarcely  be  made 
to  coalesce,  even  if  brought  together  with  considerable  force. 
The  oxides  of  manganese  and  certain  sulph-antimonides  and 
sulph-arsenides  are  the  worst  offenders  in  this  regard  in  amal- 
gamation. It  is  reported  that,  in  certain  instances,  the  addition 
of  various  chemicals  has  been  beneficial  in  preventing  this  ac- 
tion, but  the  data  are  not  conclusive. 

The  third  cause  is  chemical,  and  is  a  double  source  of  loss. 
Soluble  salts  in  the  ore  react  with  the  mercury,  causing  it  to 
be  lost  in  solution,  and  precipitating  other  elements  into  it, 
causing  it  to  become  "  sick."  "  Sickness  "  is  of  two  kinds. 
Any  other  metal  alloyed  with  the  mercury  makes  it  much  more 
viscous  and  less  "  quick."  A  practical  use  is  made  of  this  fact 
in  astronomical  and  physical  work,  where  a  mercury  surface  is 
used  as  a  reflector.  Mercury  alone  is  too  sensitive,  vibrating 
constantly,  but  the  addition  of  a  small  amount  of  tin  causes  it 
to  stiffen  enough  to  be  perfectly  satisfactory.  In.  the  case  in 
hand  this  action  is  undesirable,  for  it  causes  the  mercury  to 
subdivide  so  readily  that  "flouring"  takes  place  to  an  inju- 
rious degree.  It  is  also  undesirable  for  two  other  reasons :  the 
fine  slimes  previously  mentioned  adhere  much  more  readily  to 
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the  surface  of  "  sick  "  mercury,  and  the  metals  in  the  mercury 
frequently  reoxidize,  forming  a  coating  which  almost  prohibits 
the  coalescing  of  the  drops,  or  their  being  caught  on  the 
plates. 

So  far  we  have  been  concerned  with  actions  that  are  com- 
paratively rapid.  But  there  are  also  others  of  a  slower  rate, 
and  these  now  remain  to  be  considered. 

The  first  is  the  absorption  of  the  mercury  by  the  other 
metals  taking  part  in  the  process.  It  has  already  been  pointed 
out  that  mercury  is  soluble  in  gold  up  to  about  17.6  per  cent. 
The  rapidity  of  its  absorption  depends  directly  on  the  surfiace 
exposed  by  the  gold,  and  account  is  taken  of  this  fact  in  the 
usual  statement  of  mill  men  that  more  mercury  is  required  to 
amalgamate  fine  gold  than  coarse.  A  large  part  of  the  mer- 
cury remaining  in  an  amalgam  after  squeezing  is  held  in  solu- 
tion in  the  gold,  the  remainder  covering  the  particles  in  a  film 
which  assists  in  cementing  the  mass  together. 

1.  Absorption  by  the  Plates. — ^Important  also  is  the  absorption 
of  the  mercury  by  the  plates.  The  investigation  divides  itself 
into  two  parts :  the  relative  absorption  of  copper  plates  at  dif- 
ferent temperatures,  and  the  relative  absorption  of  different 
plates  at  ordinary  temperature.  For  the  former,  sections  of 
engravers'  plate  were  used.  They  had  each  an  area  of  4.15 
sq.  in.  and  a  thickness  of  0.067  in.,  weighing  approximately  40 
grams.  They  were  thoroughly  amalgamated  (using  cyanide 
solution  and  sand)  and  kept  submerged  in  mercury,  the  one  at 
100°  C.  (boiling-water)  and  the  other  at  0°  C.  (melting-ice)  for 
three  weeks,  the  rate  of  absorption  being  determined  by  re- 
moving the  plates  at  intervals,  freeing  from  the  excess  of  mer- 
cury by  rubbing  and  then  weighing.  It  was  not,  of  course, 
possible  to  free  the  plates  entirely  from  adhering  mercury,  but 
by  the  use  of  care  in  the  rubbing  it  was  found  possible  to  ob- 
tain fairly  concordant  results. 

The  curves  A  and  B  of  Fig.  6  show  that,  as  might  have 
been  expected,  the  rate  of  absorption  is  much  faster  at  the 
higher  temperatures,  and  the  total  amount  absorbed  is  greater. 
Evidently  from  the  direction  of  the  curve  the  absorption  is 
not  complete,  even  at  the  end  of  three  weeks.  In  the  case  of 
the  plate  held  at  100®  C.  another  factor  enters  in.  Little  gritty 
crystals  are  formed  on  the  plate  which  are  strongly  adherent, 
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but  some  few  are  removed  by  the  rubbing.  The  plate,  which 
was  kept  at  0^  C,  showed  no  indication  of  this,  but  in  one  in- 
stance a  plate  held  at  20^  C.  did,  to  some  extent  Apparently, 
then,  the  final  limit  of  the  absorption  of  mercury  by  copper 
plates  is  the  formation  of  a  solid  solution  or  inter-metallic  com- 
pound of  a  definite  crystalline  form. 

The  rate  of  absorption  and  total  solubility  depend  on  the 
temperature.  One  eftect  of  the  rise  in  temperature  of  plates 
that  are  in  equilibrium  can  immediately  be  seen  from  an  in- 
spection of  the  diagram.  On  raising  the  temperature,  more 
mercury  will  go  into  solution  in  the  copper  and  also  in  the  gold, 
and  if  more  mercury  is  not  fed  to  the  battery,  the  plates  wiU 
become  dry  and  hard.      The  absorption  is  so  slow  tiiat  it  will 


4  8  IS  16  4la7» 

A.  Plain  copper,  absorption  at  100°  C.    B.  Plain  copper,  abiocptlon  at  (fi  C. 
Fig.  6.— Absokption  op  Msbcubt  by  Copper  Plate. 

require  several  weeks  to  complete  itself  at  the  raised  tempera- 
ture, and,  during  that  time,  progressively  varying  conditions 
will  have  to  be  dealt  with.  Hence  the  importance  of  keeping 
the  temperature  constant  to  avoid  changes  in  the  hardness  of 
the  amalgam. 

To  obtain  the  relative  absorption-rates  of  plain  and  silvered 
copper  plates,  two  similar  plates  were  cut  from  electrolytic 
sheet-copper,  and  ground  down  to  plane  surfaces  and  rounded 
edges.  Each  had  an  area  of  4.85  sq.  in.  and  a  thickness  of 
0.06  in.  One  was  then  silver-plated  to  a  thickness  of  0.005 
in.  Both  plates  were  then  amalgamated,  kept  submerged  in 
mercury  at  20°  C,  and  the  rate  of  absorption  determined  as 
before.      The  silver  plate  retains  a  little  more  mercury  as  an 
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adherent  coat  because  of  the  greater  specific  gravity  of  the 
silver.  The  silver  film  somewhat  restrains  the  diffusion  of  the 
mercury  through  it  at  firsts  but  the  ultimate  effect  differs  little 
in  the  two  cases. 

The  chief  difliculty  encountered  in  the  use  of  plain  copper 
plates  is  due  to  the  fact  that  the  small  amount  of  copper  which 
goes  into  solution  in  the  mercury  is  very  easily  attacked  by 
oxidizing  agents  and  the  salts  which  go  into  solution  during 
the  crushing  of  the  ore,  thus  forming  a  tarnished  film  of  cop- 
per salts  on  the  sur&ce  of  the  mercury.  Even  the  oxygen  in 
solution  in  ordinary  water  produces  this  effect  to  an  undesir- 
able degree,  but  in  the  case  of  some  ores  containing  certain 


5  10  15  Mdajcs 

A.  Plain  copper.    B.  Silvered  copper.    C.  Thin  Muntz  metal.    D.  Thick  Mantz  metal. 
FiQ.  7.— Absorption  op  Mercury  by  Plates  op  Dipperent  Metals. 

soluble  salts  the  action  frequently  is  so  strong  that  no  gold 
can  be  caught,  as  very  little  clean  mercury  surface  is  exposed. 
What  these  salts  are  is  not  known  except  in  a  few  cases.  The 
data  are  not  accurate  enough  to  base  generalizations  upon. 
This  difliculty  is  obviated  by  silver-plating  the  copper  plates. 
The  silver  is  soluble  in  the  mercury  to  a  very  much  less  degree 
than  is  copper,  and  is  also  much  less  affected  by  the  salts  in 
question,  probably  not  being  at  all  acted  on  by  the  oxygen. 
The  effect  of  the  silver-plating  on  the  absorption  of  the  mer- 
cury by  the  copper  is  to  restrain  it  at  first,  since  the  mercury 
has  to  diffuse  through  the  silver.  Eventually,  however,  the 
total  amount  absorbed  is  approximately  the  same,  as  is  shown 
by  the  two  curves,  A  and  B,  of  Fig.  7. 

The  effect  of  the  physical  condition  of  the  plates  is  also  of 
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great  importance.  It  will  have  been  noticed  by  comparing 
Figs.  6  and  7  that  the  rolled  engraver's  plate  at  100°  C.  ab- 
sorbed more  slowly  than  the  electrolytic  sheet-copper  at  20°  C. 
This  was  due  to  the  difference  in  their  structure,  since  the  work 
was  carefully  repeated  in  each  case. 

2.  Use  of  Muntz  Meted  Plates. — ^Muntz  metal  for  battery- 
plates  has  been  employed  in  Australia,  and  its  use  has  been 
warmly  commended,^  but  apparently  has  not  spread  much  in 
this  country  or  elsewhere.  The  advantages  claimed  for  it  are 
that  it  is  cheaper,  lasts  longer,  requires  less  attention,  is  easier 
to  remove  the  amalgam  from,  and  does  not  discolor.  The 
solubility  of  mercury  in  Muntz  metals  was  investigated,  and 
plates  for  this  purpose  were  kindly  prepared  by  Mr.  Frederick 
Maeulen  (to  whom  my  grateful  acknowledgements  are  made). 
The  metal  had  the  composition,  zinc  88.1  and  copper  61.9 
per  cent.  Plate  C  had  an  area  of  5.11  sq.  in.  with  a  thickness 
of  0.0256  in.;  while  plate  D  had  an  area  of  4.92  sq.  in.  and  a 
thickness  of  0.014  in.  The  plates  were  annealed  and  kept 
submerged  in  an  excess  of  mercury.  The.  negative  reading  at 
the  end  of  the  24  h.  is  probably  due  to  the  mercury  dissolving 
out  zinc  faster  than  it  was  itself  absorbed.  The  solubility  ot 
mercury  in  Muntz  metal  is  seen  to  be  very  low.  The  diver- 
gence of  the  curves  emphasises  the  fact  that  the  rate  of  absorp- 
tion is  proportional  to  the  surface  exposed,  plate  C  having  a 
much  larger  surface  in  proportion  to  its  weight  The  per- 
centages are  by  weight  compared  to  the  original  weight  of  the 
plate.  The  curves  also  indicate  that  the  absorption  is  very  slow, 
and  is  not  completed  within  the  time  during  which  observations 
were  taken. 

Hockin  and  Taylor  have  shown^  that  mercury  dissolves  the 
zinc  out  of  brass.  No  copper  could  be  detected  in  solution  in 
the  mercury  at  the  end  of  the  period.  From  these  facts  the 
reasons  for  the  excellence  of  Muntz  metal  for  plates  become 
reasonably  clear.  Since  no  copper  goes  into  solution  in  the 
mercury,  no  trouble  is  experienced  from  oxidizing  agencies, 
and  the  necessity  for  silver-plating  is  removed  in  most  cases. 
However,  in  working  waste  heaps*  (which  probably  contained 

••  Rickard,  Stamp  MUling  of  OM  OrWy  pp.  179-182. 

^  J<numal  of  the  Society  of  Telegraph  Engineert,  vol.  viii.,  p.  282. 

*•  Rickard,  i^amp  Milling  of  Qold  Ores,  p.  182. 
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copper  sulphate)  the  Muntz  metal  plates  coated  badly;  the 
small  amount  of  zinc  in  the  mercury  producing  even  more  un- 
desirable results  than  would  copper  in  such  cases. 

The  Muntz  metal  consists  almost  entirely  of  an  inter-metal- 
lic compound  of  copper  and  zinc.  Mercury  is  very  slightly 
soluble  in  this  compound  (perhaps  not  at  all,  for  the  slow  gain 
in  weight  may  be  due  to  the  slow  replacement  of  one  metal  of 
the  compound  by  the  mercury).  Gold  is  presumably  also  very 
slightly  soluble  in  it,  and  this  explains  the  slight  adherencje  of 
the  amalgam  to  these  plates,  for,  beyond  question,  the  strong 
adherence  of  amalgam  to  copper  or  silver  plates  is  due  to  the 
slow  diffusion  of  the  gold  into  the  metal.  Roberts- Austen^  has 
shown  that  gold  diflftises  into  lead  when  brought  into  contact 
with  it ;  and  it  is  well  known  that  alloys  can  be  produced  by 
pressing  together  finely  divided  metals  that  are  capable  of 
forming  an  alloy.  This  slight  adherence  is  both  an  advantage 
and  a  defect,  for  it  allows  a  closer  cleaning  up  of  the  amalgam, 
and  also  makes  it  more  frequently  necessary.  The  thickness 
of  the  mercury  film  on  the  plates  must  also  be  important  The 
thickness  of  the  film  which  a  plate  of  a  given  inclination  will 
hold  depends  on  the  specific  gravity  of  the  holding  surface. 
Hence,  silvered  plates  will  hold  a  thicker  film,  and  Muntz 
metal  a  thinner.  Plates  well  coated  with  gold  amalgam  hold 
the  thickest  film  possible.  Hence,  excessive  scraping  of  plates 
is  to  be  avoided,  as  the  gain  in  daily  yield  of  amalgam  is  more 
than  counterbalanced  by  the  loss  of  "  catching  "  power. 

Since  the  Muntz  metal  is  an  inter-metallic  compound  of  zinc 
and  copper,  there  could  be  no  possibility  of  any  galvanic  ac- 
tion between  the  zinc  and  copper  to  affect  the  process.  Muntz 
metal  plates  present  many  desirable  features,  but  apparently  the 
demand  has  not  been  great  enough  to  lead  to  their  manufacture. 

V.  Investigation  op  Direct  Changes  Due  to  Temperature. 

Whether  variations  of  the  temperature  at  which  the  process 
is  conducted  has  any  direct  specific  effect  on  amalgamation,  has 
been  the  subject  of  much  discussion.  It  will  be  impossible  to 
refer  here  to  all  the  statements  made  regarding  this,  but  a  few 
of  the  more  significant  must  be  mentioned.   J.  A.  Grier^  states 

*^  Royal  Society  Proceedings,  voL  Ixvii.,  p.  101  (1900). 
*®  Engineering  and  Mining  Journal^  Izv.,  p.  126. 
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that  when  tw©  batteries  were  run  side  by  side  on  the  same  ore, 
the  one  at  50®  F.  and  the  other  at  from  60°  to  70°  F.,  consid- 
erably  more  gold  was  caught  by  the  battery  at  the  lower  tem- 
perature. J.  A,  Church^  cites  a  case  where  water  from  old 
mine-workings  was  used  that  had  a  temperature  of  135°  F.  at 
the  battery ;  the  plates  coated  badly  and  the  recovery  was  very 
poor.  T.  A.  Rickard*®  says  that  at  Black  Hawk,  Colo.,  the  re- 
covery is  better  in  winter  than  in  summer,  and  objects  to  the 
practice  at  the  Brittania  United,  Ballarat,  of  warming  the  bat- 
tery-water. Louis  Janin^^  says  that  no  advantage  is  gained  by 
heating  the  battery-water.  At  the  Golden  Star  mill,  Supt. 
Reed*»  changed  a  battery  from  56°  F.  to  70°  F.  In  24  hr.  the 
amalgam  had  nearly  all  scoured  off.  This  was  a  silver  plate ; 
the  copper  was  not  affected.  It  is  not  stated  whether  all  other 
conditions  were  kept  constant,  and  it  is  hardly  safe  to  comment 
on  such  an  experiment  unless  all  the  conditions  are  known. 
J.  A.  Sanborn^  says  that  the  objection  to  an  increase  in  tem- 
perature is  that  the  plates  were  prepared  for  a  lower  tempera- 
ture, but  that  the  adjustment  may  be  made  for  any  reasonable 
temperature.  He  also  says  that  the  chief  objection  to  hot  bat- 
tery-water is  the  resultant  increased  solubility  of  deleterious 
salts.  J.  H.  Thierman^  suggests  that  the  heated  water  causes 
any  grease  which  may  be  present  to  more  readily  form  a  film 
over  the  gold  and  mercury.  A.  von  Dessauer**  found  that  the 
plate-amalgam  contained  from  20  to  85  per  cent,  of  gold  in  the 
summer  time,  but  only  from  7  to  10  per  cent  in  winter.  Be- 
sides these  factors,  R.  H.  Richards^  mentions  two  others,  the  at- 
traction of  mercury  for  gold  and  the  cohesive  power  of  the  mer- 
cury. It  should  be  noticed,  however,  that  the  only  attraction 
mercury  has  for  gold  is  the  surface-tension  pull,  previously  men- 
tioned ;  and  that  the  facilitation  of  the  coalescence  of  globules 
of  mercury  by  a  rise  of  temperature  is  not  due  to  an  increase 
of  cohesive  power,  but  to  a  decrease  of  their  surface  tension. 


"  Engineering  and  Mining  Journal^  Ixv.,  p.  158. 
*o  Stamp  Milling  of  Oold  Ores,  pp.  125-«. 
«■  Mineral  Industry,  iii.,  pp.  328  and  343. 
*^  Engineering  and  Mining  Journal,  Ixv.,  p.  126. 
^  Engineering  and  Mining  Journal,  Ixv.,  p.  397. 
^  Engineering  and  Mining  Journal,  Ixv.,  p.  247. 
**  Engineering  and  Mining  Journal,  Ixv.,  p.  760. 
*  Ore  Dressing,  p.  766. 
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The  points  in  regard  to  the  effect  of  temperature  on  the  solu- 
bility of  deleterious  salts  and  resultant  chemical  reactions, 
their  influence  on  "  flouring,"  and  the  influence  of  rise  of  tem- 
perature on  the  surface  tension  and  viscosity  of  the  mercury, 
have  already  been  treated  as  fully  as  seems  necessary. 

To  determine  whether  other  physical  constants  are  appreciably 
affected  by  temperature  changes,  two  lines  of  investigation  were 
followed.  The  purpose  of  the  first  was  to  learn  whether  the 
plasticity  of  the  mixture  of  liquid  and  solid,  ordinarily  known 
as  <^  amalgam,"  varied  to  any  sensible  degree  with  ordinary 
ranges  of  temperature  change. 

For  this  purpose  an  apparatus  was  designed  and  constructed, 
in  which  a  pasty  mass  of  amalgam  was  held  in  a  cup  that  was 
rotated  by  a  small  electric  motor.  The  cup  was  provided  with 
sharp  points  on  the  inside,  so  that  the  amalgam  was  obliged  to 
rotate  with  it.  Submerged  in  the  mass  of  amalgam  was  a  stir- 
rer, turning  in  a  ball  bearing.  The  torsional  pull  on  the  stirrer, 
when  the  mass  was  rotated,  was  measured  by  a  delicate  helical 
spring.  The  whole  apparatus  was  placed  in  a  constant  tempera- 
ture chamber,  and  numerous  observations  made  over  the  range 
from  18^  to  100°  C.  (60°  to  212°  F.).  Both  silver-  and  gold- 
amalgams  of  the  consistency  of  thick  cream  were  used ;  it  was 
necessary  to  employ  very  finely  divided  metal  in  preparing 
the  amalgam  in  order  to  make  it  homogeneous.  It  was  found 
that,  as  result  of  the  increase  of  temperature,  two  conflicting 
changes  tended  to  take  place : — ^the  amalgam  tended  to  become 
harder  from  the  increased  absorption  of  the  mercury  by  the 
gold,  and  softer  from  the  decreased  viscosity  of  the  liquid  mer- 
cury cementing  the  solid  particles.  The  total  change  was  very 
slight,  and  of  the  same  order  as  the  errors  of  observation  due 
to  the  settling  of  the  solid  particles  and  the  slight  imperfec- 
tions of  the  apparatus.  A  more  detailed  statement  of  the  re- 
sults, and  a  sketch  of  the  apparatus,  are  therefore  omitted. 
The  investigation  showed  that  the  changes  in  plasticity  induced 
by  ordinary  variations  in  temperature  are  negligible. 

The  purpose  of  the  second  investigation  was  to  learn  whether 
the  adhesion  of  gold  to  mercury  is  sensibly  affected  by  changes 
of  temperature.  To  this  end  the  inclination  at  which  spheres 
of  gold,  silver  and  platinum,  one-half  an  inch  in  diameter,  will 
roll  down  an  amalgamated  copper-plate  were  observed.     Two 
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Bets  of  angles  were  measured :  that  at  which  the  spheres  would 
start  to  roll  from  a  state  of  rest  (column  A,  Table  L),  and  the 
angle  at  which  they  would  continue  to  roll  after  being  started 
by  a  touch  from  a  camePs  hair  brush  (column  B,  Table  L). 
The  inclination  was  measured  for  the  dry  plate  at  ordinary  tem- 
perature (20°  C),  the  amalgamated  plate  at  the  same  tempera- 
ture, and  the  amalgamated  plate  at  100°  C.  The  gold  and  pla- 
tinum spheres  were  perfect  to  within  0.001  in.;  the  silver 
sphere  was  not  so  perfect,  and  gave  more  irregular  results. 
The  angles  recorded  in  Table  I.  are  the  average  of  several  ob- 
servations. The  plate  was  somewhat  roughened  by  the  action 
of  the  mercury  at  the  higher  temperature ;  this  is  especially 
noticeable  in  the  angles  at  which  the  balls  would  start  them- 
selves. The  gold  and  silver  balls  were  previouly  amalgamated 
for  the  determinations  with  the  amalgamated  plate,  but  the  pla- 
tinum ball,  of  course,  was  not.  It  is  seen  at  once  from  an  in- 
spection of  the  results  that  the  effect  of  variations  of  tem- 
perature on  the  adhesion  of  gold  to  mercury  is  also  negligible. 

Table  L — Rtsidia  of  Adhesion  Tests  of  Gold,  Silver  and 
Platinum  Balls. 


Platinum. 

Gold. 

snyer. 

A. 

B. 

A. 

B. 

A. 

B. 

Dry  plates,  20® 

1®28^ 
1®46^ 
1®43^ 

0®28' 
0®28^ 
0®64' 

1®09^ 
1®48' 
2®  03^ 

0®32^ 
1®15^ 
PSO' 

2®  17^ 
3®  07^ 

0®48' 

Wet  plates,  20® 

1®67' 

Wet  plates.  100® 

1®  SO' 

These  facts  are  so  completely  in  accord  with  the  data  ob- 
tained by  the  metallurgical  and  chemical  investigations,  that 
there  seems  no  escape  from  the  conclusion  that  amalgamation 
of  gold-ores  is  mainly,  and  above  all,  a  simple  mechanical  pro- 
cess. Buch  chemical  forces  as  enter  into  it  are  only  slight,  and 
are  mainly  detrimental,  as  previously  outlined.  The  chief 
physical  factor  is  the  surface-tension  of  the  mercury,  which 
causes  the  mercury  to  cling  in  an  adherent  film  to  the  plates 
employed,  to  wet  the  gold  grains,  and  to  draw  them  beneath  its 
surface.  It  also  acts  detrimentally,  tending  to  prevent  the  glob- 
ules of  mercury  from  coalescing  again  when  they  are  very  finely 
divided.   The  solution  of  the  gold  and  silver  by  the  mercury  is 
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very  slight  indeed ;  that  of  the  copper  is  more  noteworthy,  and 
gives  opportunity  for  undesirable  chemical  actions.  The  ab- 
sorption of  the  mercury  by  gold,  silver  and  copper  is  large  in 
amount.  With  gold,  what  is  probably  an  inter-metallic  com- 
pound is  formed  with  excess  of  mercury  at  100°  (whether  it 
can  form  at  ordinary  temperatures  is  not  certainly  known),  but 
this  is  of  no  great  importance  in  the  ordinary  application  of 
the  process.  Some  sort  of  molecular  flow  causes  the  grains  of 
the  amalgam  to  adhere  strongly  together  on  standing,  and  the 
slow  diffusion  of  the  gold  into  the  plate  causes  the  amalgam  to 
adhere  strongly  to  copper  and  silvered  plates.  According  to 
Richards,^  this  difiusion  does  not  extend  to  any  great  depth  in 
the  ordinary  life  of  a  plate. 

The  effect  of  changes  in  temperature  on  amalgamation  is 
seen  to  be  two-fold.  The  solubility  of  deleterious  salts  in  the 
ore  is,  of  course,  increased  by  rise  of  temperature,  their  action 
is  accelerated,  and  the  solubility  of  copper  in  the  mercury  is 
increased,  thus  giving  greater  opportunity  for  these  harmful 
reactions.  But  the  most  important  effect  is  the  disturbance  of 
plate-equilibrium,  resulting  from  changes  of  temperature.  The 
thickness  of  the  film  of  mercury  which  the  plate  will  hold, 
and  the  absorption  of  mercury  by  the  other  metals  concerned 
is  changed,  and  the  mill-man  then  has  to  deal  with  varying 
conditions,  a  state  of  afiairs  to  be  avoided,  if  possible.  From 
the  physical  standpoint  the  temperature  employed  does  not 
matter,  so  long  as  it  is  constant.  From  the  chemical  stand- 
point a  low  temperature  is  better  in  most  cases.  But  it  should 
be  mentioned,  in  passing,  that  both  the  viscosity  and  surface- 
tension  of  mercury  are  lessened  by  rise  of  temperature,  the  dif- 
ferences for  ordinary  ranges  of  temperature  being  slight. 
Under  certain  circumstances,  where  chemical  action  is  negligi- 
ble, it  seems  that  it  might  be  advisable  to  conduct  the  process 
at  elevated  temperatures,  for  the  wetting  of  the  grains  by  the 
mercury  is  slightly  facilitated  by  rise  of  temperature.  The 
viscosity  of  mercury  at  0°  is  0.0169  dynes  per  sq.  cm.,  and  at 
99®  is  0.0128  dynes  per  sq.  centimeter.^ 

In  the  operation  of  the  stamp-milling  process  the  character 
and  gold  content  of  the  ore  necessarily  vary.     If,  in  addition, 

«  Ore  Dretging,  p.  766. 

*"  Koch,  Fioggtnd&rfs  AnnaUn,  vol,  xiv.,  p.  1  (1881). 
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the  temperature,  and  with  it  all  the  foregoing  factors,  are  al- 
lowed to  vary,  it  becomes  impossible  to  exert  a  proper  control 
over  the  operation. 

VI.  Summary. 

1.  Gold  absorbs  mercury,  forming  a  solid  solution  which 
may  contain  as  much  as  13  atomic  per  cent,  of  mercury.  Be- 
yond this,  an  inter-metallic  compound  containing  gold  or  mer- 
cury in  solution  (or  a  second  solid  solution)  is  formed,  which 
contains  17.5  atomic  per  cent,  of  mercury.  Ordinary  amal- 
gam, which  is  not  in  a  state  of  equilibrium,  consists  of  one  or 
both  of  the  foregoing,  usually  the  former,  mixed  with  an  ex- 
cess of  mercury  which  coats  the  particles  and  causes  them  to 
cohere. 

2.  Amalgamation  is  a  physical  process,  the  chemical  ac- 
tions involved  being  chiefly  inimical  (excepting  those  pur- 
posely induced).  The  gold  grains  are  wetted  by  the  mer- 
cury and  sink  beneath  the  surface  of  the  mercury  film  on 
the  plates;  this  is  facilitated  by  feeding  mercury  to  the 
stamp,  so  that  the  grains  may  be  thoroughly  wetted  before 
coming  in  contact  with  the  plates.  The  disadvantages  of  this 
procedure  have  already  been  discussed.  The  surface-tension 
of  the  mercury  draws  the  gold  beneath  the  surface,  and  holds 
it  against  the  plate.  By  diffusion  into  the  metal  of  the  plates 
the  amalgam  often  becomes  strongly  adherent.  Silver-plating 
is  useful,  because  it  prevents  the  solution  of  the  copper  in  the 
mercury,  and,  therefore,  the  harmful  chemical  reactions  that 
result  therefrom.  Muntz  metal  plates  exhibit  the  same  effect, 
and,  in  addition,  diflPusion  of  amalgam  into  them  is  very  slight, 
so  that  it  is  readily  removed.  Silvered-plates  will  hold  a 
thicker  film  of  mercury  than  plain  copper,  and  plates  coated 
with  gold  amalgam  a  thicker  film  than  either.  This  assists  the 
"  catching  "  of  the  gold. 

8.  Variations  in  temperature  make  themselves  felt  in  slight 
changes  of  a  number  of  factors  rather  than  large  changes  in 
any  one.  According  to  the  relative  importance  of  these  fac- 
tors in  each  case  the  total  effect  may  vary.  The  most  impor- 
tant undesirable  effects  of  raising  the  temperature  are  the  in- 
creased solubility  of  harmful  salts,  and  a  corresponding  increase 
of  the  precipitation  of  base  metals  into  the  mercury ;  this  both 
hinders  its  proper  action  and  leads  to  its  loss.   Rise  of  tempera- 
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tare  also  diminishes  the  surface-tension  and  viscosity  of  the  mer- 
cury, which  allows  it  to  be  more  readily  "  floured,"  The  force 
with  which  the  gold  is  drawn  beneath  the  mercury  and  held 
against  the  plate  is  also  decreased.  On  the  other  hand,  by  an 
increase  in  temperature  the  wetting  of  the  gold  by  the  mercury 
and  the  ^^  catching  "  of  it  by  the  plates  is  facilitated,  as  is  the 
coalescing  of  the  globules  of  mercury. 

4.  Increase  of  temperature  causes  increased  absorption  of 
mercury  by  the  gold  and  by  the  plates.  Changes  in  tempera- 
ture cause  changes  in  all  the  foregoing  factors.  The  retaining 
of  a  constant  temperature  is  therefore  most  favorable  to  suc- 
cessful working.  A  comparatively  low  temperature  is  better 
where  the  influence  of  soluble  salts  in  the  ore  has  to  be  con- 
sidered (which  is  usually  the  case);  but  when  this  may  be  ne- 
glected, as  high  a  temperature  as  can  economically  be  main- 
tained, without  variation,  is  most  favorable  to  successful  amal- 
gamation. 

In  conclusion,  I  desire  to  express  my  indebtedness  to  Prof. 
H.  S.  Munroe,  who  directed  the  investigation ;  and  also  to  Dr. 
Wm.  Campbell,  who  kindly  took  the  micro-photographs,  and 
aided  in  the  metallurgical  investigation. 
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Proceedings   of  the   Ninetieth   Meeting,    Bethlehem,    Pa., 

February,  1906. 

CJOMMITTEES. 

Oeneral  Local  OommUUe. — John  Fritz,  Chairman;  A.  B.  de  Saolles,  Vice-Chair- 
man;  K  M.  Bird,  Treaawer;  Henry  S.  Drinker,  Secretary  ;  Robert  H. Sajre,  K  P. 
Wilbur,  Charles  M.  Dodson,  Abraham  S.  Schropp,  E.  M.  McIWain,  Archibald 
Johnston,  A.  B.  Fichter,  G.  6.  Ck>nverB,  W.  A.  Wilbur,  Garrett  B.  Linderman, 
Frederick  Gonlin,  George  Pettinos,  Albert  Brodhead,  Garrett  L.  Hoppes,  M.  B. 
Gutter,  H.  J.  Seaman,  C.  A.  Matcham,  B.  F.  Fackenthal,  Jr.,  A.  L.  J.  Queneau, 
Geo.  R.  Elder,  Eldridge  Wilbur,  William  H.  Chandler,  Mansfield  Merriman, 
Joseph  F.  Klein,  William  &  Franklin,  William  Estj,  Joseph  W.  Richards,  How- 
ard Eckfeldt,  John  D.  Irving. 

TranaportaHon  CommiUee, — ^H.  J.  Seaman,  C  A.  Matcham,  B.  F.  Fackenthal, 
Jr.,  A.  B.  Fichter,  A.  L.  J.  Queneau,  Henry  S.  Drinker. 

Hotel  Committee. — Garrett  B.  Linderman,  Charles  M.  Dodson,  W.  A.  Wilbur, 
Garrett  L.  Hoppes,  Albert  Brodhead.  ' 

Steering  Owimittee.— William  8.  Franklin,  William  Esty,  John  D.  Irving,  R.  M. 
Bird,  the  members  of  the  Tau  Beta  Pi  Society  of  Lehigh  University. 

Committee  on  Meetings, — Henry  S.  Drinker,  Joseph  W.  Richards,  Howard  Eck- 
feldt. 

Entertainment  Committee. — W.  A.  Wilbur,  R  M.  Mcllvain,  Archibald  Johnston, 
A.  B.  de  SauUes,  G.  G.  Convers,  A.  L.  J.  Queneau,  Garrett  B.  Linderman,  Fred- 
erick Conlin,  George  Pettinos,  Garrett  L.  Hoppes,  Henry  S.  Drinker,  William  S. 
Franklin,  Eldridge  Wilbur,  Robert  M.  Bird,  Secretary. 


The  opening  session  was  held  at  8.80  p.m.,  Wednesday, 
February  21,  1906,  in  Gymnasium  Hall  of  Lehigh  University, 
which  had  been  tastefully  decorated  with  flags  and  bunting. 

Dr.  Henry  S.  Drinker,  President  of  Lehigh  University,  and 
Secretary  of  the  Qeneral  Local  Committee,  called  the  meeting 
to  order,  and  welcomed  the  Institute  to  the  Bethlehems,  where 
its  first  meeting,  after  its  organization  in  May,  1871,  at  Wilkes- 
Barre,  was  held  in  August,  1871.* 

*  Dr.  Drinker  was  one  of  the  22  members — of  whom  only  four  survive— who 
organized  the  Institute  at  Wilkes-Barre ;  and,  at  the  Bethlehem  meeting  which 
followed,  he  presented  a  paper  on  **  The  Works  and  Mines  of  the  Lehigh  Zinc 
Co."  As  President  of  Lehigh  University,  he  succeeded,  in  1905,  the  late  Dr. 
Thomas  M.  Drown,  another  of  the  *^  original  twenty-two."  In  his  address  of 
welcome,  Dr.  Drinker  emphasized  the  intimate  relations  between  the  Institute 
and  Lehigh  University,  established  through  the  active  membership  of  many 
Lehigh  professors  and  graduates. 
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President  James  Gayley  replied  in  a  brief  address,  expressing 
the  thanks  of  the  Institute  for  the  cordial  welcome  thus  ex- 
tended to  it,  and  the  pleasure  with  which  so  many  of  its  mem- 
bers, especially  of  those  who  had  participated  in  its  early  his- 
tory, were  now  gathered  once  more  in  the  Lehigh  valley,  which 
was  the  cradle  of  its  infancy.  In  addition  to  what  bad  been 
said  already  by  President  Drinker,  Mr.  Gayley  recalled  the 
names  of  many  Lehigh  valley  men,  who  had  been  pioneers  of 
the  new  industrial  era,  as  well  as  potent  factors  in  the  success 
of  the  Institute.  In  this  connection,  he  called  attention  to  the 
significant  fact  that  the  members  who  joined  the  Institute  dur- 
ing the  first  year  of  its  existence  came  largely  from  the  Lehigh 
valley,  or  were  connected  with  the  industries  which  it  repre- 
sented, and  that  of  the  names  added  during  that  period  to  the 
membership  of  the  Institute,  a  surprisingly  large  number  have 
become  famous  as  scientific  investigators  and  instructors,  or  as 
"  captains  of  industry."  In  other  words,  the  men  who  founded 
the  Institute,  or  rallied  to  its  support  during  the  first  year  which 
followed,  were  men  of  first-class  ability  and  promise,  as  attested 
by  their  achievements  and  present  fame. 

The  Secretary  announced  the  receipt  of  telegraphic  notice  of 
the  death  of  Samuel  Thomas,  Catasauqua,  Pa.,  an  old  and  highly 
esteemed  member  of  the  Institute,  and  son  of  David  Thomas, 
its  first  President. 

The  following  paper  was  presented  by  the  Secretary,  in  the 
absence  of  the  author : 

Biographical  Notice  of  George  H.  Eldridge,  by  S.  P.  Emmons, 
Washington,  D.  C. 

The  following  papers  were  presented  in  oral  abstract  by  the 
author : 

Biographical  Notice  of  Edward  Cooper,  by  R.  W.  Raymond, 
New  York,  N.  Y. 

Biographical  Notice  of  Alexander  B.  Coxe,  by  R.  W.  Ray- 
mond, New  York,  N.  Y. 

Mr.  Howard  W.  DuBois,  of  Philadelphia,  Pa.,  gave  an  ad- 
mirable and  enjoyable  exhibition  of  colored  pictures  of  moun- 
tain scenery  in  British  Columbia,  Alaska,  and  the  Yukon 
Territory,  which  was  especially  interesting  to  those  who  had 
attended  the  British  Columbia  Excursionof  the  last  meeting  of 
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the  Institute,  and  had  traveled  over  much  of  the  country  de- 
scribed by  Mr.  DuBois. 

After  the  close  of  the  session,  an  informal  reunion  and  recep- 
tion, tendered  by  the  officers  of  the  University,  completed  the 
evening's  enjoyment 

The  second  session  was  held  at  10  a.m.,  February  22,  in  the 
Physical  Lecture-Room  of  Lehigh  University,  President  Gayley 
in  the  chair. 

The  following  papers  were  presented  by  the  authors,  and 
discussed : 

Notes  on  the  Qayley  Dry-Air  Blast-Process,  by  Carl  A.  Meiss- 
ner,  New  York,  N.  Y.  (Discussed  by  Messrs.  H.  M.  Howe, 
Joseph  W.  Richards,  Frank  Firmstone,  R.  W.  Raymond  and 
James  Gayley.) 

Piping  in  Steel  Ingots,  by  N.  Lilienberg,  Philadelphia,  Pa. 

The  Present  Condition  of  the  Metallurgy  of  Aluminum,  by 
Joseph  W.  Richards,  Lehigh  University,  South  Bethlehem,  Pa. 

At  the  close  of  this  session,  luncheon  was  served  by  Lehigh 
University  in  the  spacious  gymnasium  of  that  institution,  and. 
opportunity  was  given  to  inspect,  under  the  competent  guid- 
ance of  the  '^Steering  Committee  "of  Lehigh  students,  the 
laboratories,  collections,  lecture-rooms,  etc.,  of  the  University. 

The  third  session  was  held  at  the  same  place,  at  2.30  p.m., 
February  22.  The  following  paper  was  read  by  the  Secretary, 
in  the  absence  of  the  author : 

A  Novel  Method  of  Mining.  Kaolin,  by  Albert  R.  Ledoux, 
New  York,  N.  Y. 

The  following  papers  were  presented  by  their  authors,  and 
discussed : 

A  Reconnaissance  for  the  Platinum  Metals  in  British  Colum- 
bia (illustrated  with  lantern  views),  by  Howard  W.  DuBois, 
Philadelphia,  Pa. 

The  Secondary  Enrichment  of  Copper-Iron  Sulphides,  by 
Thomas  T.  Read,  New  York,  N.  Y. 

The  following  papers  were  presented  in  printed  pamphlets  : 

The  Use  of  High  Percentages  of  Fine  Ore  in  a  Charcoal 
Blast-Furnace,  by  Harry  R.  Hall,  Standish,  N.  Y. 

An  Old  Specimen  of  American  Spiegeleisen,  by  Frank  Firm- 
stone,  Ea8ton,'Pa. 
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Bibliography  of  Coal- Washing,  by  S.  S,  Wyer,  Columbus,  O. 

The  Beard-Mackie  Sight-Indicator  for  the  Measurement  of 
Marsh-Gas  in  Collieries,  by  M.  H.  Harrington,  Philadelphia, 
Pa. 

Fine  Grinding  of  Ore  by  Tube-Mills  and  Cyaniding  at  El 
Oro,  Mexico,  by  Gelasio  Caetani,  El  Oro,  Mex. 

Crushing-Tests  of  the  Diamonds  Used  in  Drilling,  by  Alex- 
ander N.  Mitinski,  St  Petersburg,  Russia. 

The  Mining,  Preparation  and  Smelting  of  Virginia  Zinc- 
Ores,  by  Thomas  L.  Watson,  Blacksburg,  Va. 

The  Ancient  Copper-Mines  of  Lake  Superior,  by  Alvinus 
Brown  Wood,  Detroit,  Mich. 

The  Relative  Merits  of  Large  and  Small  Drilling-Machines 
in  Development- Work,  by  Frederick  T.  Williams,  Victor, 
Colo. 

A  Reference-Scheme  for  Mine- Workings,  by  Wilbur  E.  San- 
ders, Helena,  Mont. 

Cost  Accounts  of  Gold-Mining  Operations,  by  T.  H.  Sheldon, 
Victor,  Colo. 

Screens  for  Sizing,  by  Ernest  A.  Hersam,  Berkeley,  Cal. 

Notes  on  Southern  Nevada  and  Inyo  County,  California,  by 
Harry  H.  Taft,  Denver,  Colo. 

The  Geology  and  Petrography  of  the  Goldfield  Mining-Dis- 
trict, Nevada,  by  John  B.  Hastings,  Colo.,  and  Charles  P.  Ber- 
key.  New  York  City. 

The  Mojave  Mining-District,  California,  by  Charles  E.  Bate- 
son,  New  York  City. 

Discussion  of  the  paper  of  James  Gay  ley,  on  "The  Appica- 
tion  of  Dry -Air  Blast  to  the  Manufacture  of  Iron,"  by  Edward 
D.  Campbell,  Ann  Arbor,  Mich. 

Discussion  of  the  paper  of  H.  R.  Hall,  on  "  The  Use  o  High 
Percentages  of  Fine  Ore  in  a  Charcoal  Blast-Furnace,"*  by 
R.  H.  Sweetser,  Sault  Ste.  Marie,  Ontario,  Can. 

Discussion  of  the  paper  of  F.  L.  Grammer,  on  "  Flue-Dirt 
and  Top-Pressure  in  Iron  Blast-Furnaces ;  a  Study  of  the  In- 
fluences Controlling  Them,"  by  Thomas  F.  Witherbee,  Durango, 
Mex. 

Discussion  of  the  paper  of  J.  E.  Johnson,  Jr.,  on  "  The  Phy- 


*  Trans,  y  xxxvi.,  p.  835. 
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sical  Action  of  the  Blast-Furnace,"  by  Thomas  F.  Witherbee, 
Durango,  Mex. 

Discussion  of  the  paper  of  H.  H.  Campbell,  on  "  The  Influ- 
ence of  Carbon,  Phosphorus,  Manganese  and  Sulphur  on  the 
Tensile  Strength  of  Open-Hearth  Steel,"  by  Mansfield  Merri- 
man.  South  Bethlehem,  Pa. 

Discussion  of  the  paper  of  Juptner  von  Jonstorff  and  others 
on  "  Comparison  of  Methods  for  the  Determination  of  Carbon 
and  Phosphorus  in  Steel,"  by  Clemens  C.  Jones,  Richmond, 
Va.,  and  R  W.  Raymond,  New  York  City,* 

Discussion  of  the  paper  of  James  P.  Roe,  on  "  The  Manu- 
facture and  Characteristics  of  Wrought-Iron,"  by  Taylor  AU- 
derdice,  Pittsburg,  Pa.t 

Discussion  of  the  paper  of  M.  R.  Campbell,  on  "  The  Com- 
mercial Value  of  Coal-Mine  Sampling,^  by  A.  Bement,  Chi- 
cago, 111. 

Discussion  of,  the  paper  of  M.  R.  Campbell,  on  "  The  Classi- 
fication of  Coal8,"§  by  Dr.  Persifor  Frazer,  Philadelphia,  Pa. 

Reply  to  Mr.  Rose's  Discussion  of  the  paper  by  Hofman  and 
Magnusou,  on  "  The  Effect  of  Silver  on  the  Chlorination  and 
Bromination  of  Gold,"  by  H.  O.  Hofman,  Boston,  Mass.|| 

Discussion  of  the  paper  of  Messrs.  Gibb  and  Philp,  on  "  The 
Constitution  of  Mattes  Produced  in  Copper  Smelting,"!  by 
Edward  Keller,  Baltimore,  Md. 

The  following  papers  were  read  by  title,  for  future  publica- 
tion: 

Gold-Dredging  in  the  Urals,  with  Notes  on  Dredging  in  Si- 
beria, by  William  H.  Shockley,  New  York  City. 

The  Roumanian  Oil-Field,  by  P.  Charteris  A.  Stewart,  Cairo, 
Egypt. 

Entertainments  and  Excursions. 

Besides  the  enjoyable  informal  reunion  of  the  first  evening, 
on  invitation  of  the  faculty  and  officers  of  Lehigh  University, 
on  the  evening  of  February  22,  the  visiting  members  of  the  In- 
stitute and  their  accompanying  guests  were  received  more  elab- 
orately in  the  old  Sun  Inn  of  Bethlehem,  by  the  University  and 
the  citizens  and  manufacturing  establishments  of  the  Bethle- 
hems.    The  whole  house  was  thrown  open,  the  reception  being 

*  Trans.^  xxxvi.,  741.  f  Trans.,  xxxvi.,  823.         J  2Van«.,  xxxvL,  884. 

i  Trans.,  xxxvi.,  825.  1|   TVorw.,  xxxvi.,  802.         ^  Trans,,  xxxvi.,  837. 
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held  on  the  third  floor,  and  refreshments  served  on  the  second 
floor;  the  dancing  began  at  10  o'clock.  The  entire  evening 
waa  most  delightful,  The  ladies  representing  the  hosts  were : 
Mrs,  Robert  H.  Sayre,  Mrs,  Henry  S.  Drinker,  Mrs.  E.  M.  Mc- 
Hvain,  Mrs.  A.  B.  de  SauUes,  Mrs.  John  Fritz,  Mrs.  G.  B.  Lin- 
derman,  Mrs.  Charles  M.  Dodson,  Mrs.  A.  B.  Fichter,  and  Mrs. 
William  B.  Myers. 

On  Friday  morning,  February  23,  began  the  excursions,  hos- 
pitably provided  for  by  the  railroad  companies  and  the  indus- 
trial establishments  of  the  vicinity.  On  a  special  train,  put  at 
their  service  by  the  New  Jersey  Central  railroad,  the  members 
and  guests  proceeded  to  Palmerton,  near  Hazard,  for  inspec- 
tion of  the  extensive  new  works  of  the  New  Jersey  Zinc  Works, 
comprising  the  largest  zinc  oxide  plant  in  the  world,  admir- 
ably equipped  with  a  spelter-plant  and  spiegel-furnace. 

This  oompanj  has  other  works  and  mines  in  Tarious  parts  of  the  country— at 
Newark,  N.  J.,  South  Bethlehem,  Pa.,  Mineral  Point,  Wis.,  Waukegan  (North 
Chicago),  Gas  Citj  and  lola,  Eans.,  Cafion  City,  Colo.,  DePue,  111.,  Florence, 
Pa.,  etc.  ;  but  the  Palmerton  or  Hazard  works,  treating  ores  from  the  Franklin 
Furnace  mine  of  New  Jersey,  located  in  the  heart  of  the  anthracite  region,  sub- 
stantially built,  with  a  splendid  equipment,  is  not  only  doing  great  work  but  pre- 
paring for  greater.  Besides  the  zinc  oxide  department,  with  its  building  one- 
third  of  a  mile  long,  its  hundreds  of  furnaces,  and  its  production  of  250,000  lb.  of 
oxide  every  24  hours,  the  spelter  department,  of  modem  design  and  construction, 
producing  spelter  of  unusual  purity  (from  99.85  to  99.95  per  cent,  of  zinc)  for  use 
in  finest  castings,  galvanizing,  and  processes  requiring  special  qualities  of  tenacity 
and  ductility,  and  laid  out  upon  a  scale  providing  for  great  extension,  there  is 
also  a  plant  for  making  sulphuric  acid  (5  tons  of  66°  acid  per  day),  and  a  litho- 
phon  plant  for  producing  that  white  enamel  pigment.  Electric  motors  and  num- 
berless other  time-  and  labor-saving  appliances  abound  on  every  hand,  replacing 
manual  labor  by  ingenious  machines  and  devices  to  a  veiy  notable  extent,  all 
driven  by  an  ample  power-plant.  Major  de  Saulles,  Mr.  Stone,  Mr.  Queneau 
and  other  engineers  of  the  company  guided  the  visitors  through  the  works. 

In  the  afternoon  the  party  went  by  the  special  train  to  the 
Atlas  Portland  Cement  Co.'s  works  at  Northampton,  in  the 
great  power-house  of  which,  elaborately  decorated  with  archi- 
tectural structures,  statues,  medallions  and  emblems  in  ce- 
ment, luncheon  was  served.  The  party  was  afterwards  guided 
through  the  kiln-buildings,  packing-houses,  storage-houses, 
boiler-  and  power-houses,  etc.,  which  cover  an  immense  area. 
This  visit  was  followed  by  a  similar  inspection,  under  courteous 
conductors,  of  the  works  of  the  Lehigh  Valley  Portland  Cement 
Co.,  where  there  was  opportunity  to  note  the  differences  of 
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operation  in  these  two  vast  establishments  for  cement-making, 
and  to  admire  the  ingenuity  and  skill  shown  in  all  the  methods 
for  manu&cturing  this  indispensable  material  in  the  modern 
modes  of  construction. 

On  the  return,  the  party  stopped  at  the  works  of  the  Thomas 
Iron  Co.  at  Hokendauqua,  finding  special  interest  in  the  new 
(1905)  blowing-engines,  of  the  Allis-Ch ambers  cross-compound 
type,  which,  at  54  revolutions,  supply  41,568  cu.  ft.  of  air  per 
min.;  and  the  new  turbine  pumping-plant,  driven  by  electric 
power. 

The  visitors  received  souvenirs  of  the  trip, — from  the  Atlas 
Cement  Co.,  a  diary;  from  the  Lehigh  Cement  Co.,  a  metal 
match-box  and  pen-  and  pencil-holder,  and  from  the  Thomas 
Iron  Co.,  a  paper-weight  in  the  shape  of  a  comfortable  looking 
little  pig,  facetiously  called  a  "  Thomas  pig.*'  David  Thomas, 
the  founder  of  the  Thomas  Iron  Co.,  was  elected  first  president 
of  the  Institute  at  the  first  meeting  in  May,  1871,  at  Wilkes- 
Barre,  and  was  for  many  years  an  honorary  member. 

The  day  was  concluded  by  a  pleasant  reunion  at  the  North- 
ampton Club,  South  Bethlehem,  in  the  evening. 

On  Saturday,  February  24,  the  party  went  on  a  special  train, 
provided  by  the  courtesy  of  the  Lehigh  Valley  railroad,  to  the 
notable  foundry-  and  machine-shops  of  the  Ingersoll-Rand  Co., 
near  Phillipsburg,  N.  J.  Here,  led  by  many  kindly  guides 
through  the  offices,  drafting-rooms,  shops,  power-houses,  ware- 
houses, etc.,  the  visitors  saw  the  wonderful  processes  of  manu- 
facturing some  of  the  most  potent  implements  of  modern  con- 
structive work, — air-compressors  for  driving  the  appliances, 
and  the  instruments  themselves,  rock-drills,  riveting-hammers, 
stone-working  tools,  coal-cutters,  pumps,  etc.,  many  of  which 
were  of  additional  interest  from  being  seen  in  operation. 
Among  these,  the  novel  Temple-Ingersoll  electric-air  rock- 
drill,  just  put  on  the  market,  attracted  the  greatest  attention. 

With  its  200  acres  of  land  in  the  shop-grounds,  481,661  sq. 
ft.  of  floor-space  in  buildings,  a  foundry-capacity  of  150  tons 
per  day,  with  electric  and  locomotive  cranes,  railway-track,  cars 
and  locomotives,  with  a  great  steam  and  electric  power-plant 
and  all  manner  of  labor-saving  devices,  this  latest  and  best  of 
the  establishments  of  the  Ingersoll-Rand  Co.  was  a  sight  to  be 
remembered. 
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During  the  past  25  years,  this  company  and  its  predecessors 
have  put  forth  air-compressors  of  an  aggregate  of  760,000  h.p., 
7,000  rock-drills,  5,200  coal-cutters,  7,500  pneumatic  tools,  etc. 

A  delightful  dinner  in  the  company's  private  dining-rooms 
closed  this  visit  of  inspection,  at  which,  with  Major  de  Saulles 
as  toast-master,  a  number  of  apt  and  witty  speeches  gave  ex- 
pression to  the  general  sense  of  friendly  good-humor  that  per- 
vaded the  gathering.  A  photograph  of  the  group  of  more 
than  a  hundred  ladies  and  gentlemen  of  the  party  was  taken, 
by  procurement  of  the  Company,  in  front  of  one  of  the  Inger- 
soll-Rand  buildings. 

Some  of  the  party  departed  to  their  homes  from  this  point ; 
but  the  majority  returned  to  South  Bethlehem  and  visited  the 
works  of  the  New  Jersey  Zinc  Co.  in  that  place,  rounding  out 
the  proceedings  of  the  ninetieth  meeting  of  the  Institute,  which 
had  been  full  of  varied  interest  and  satisfaction. 

The  following  list,  which  in  all  probability  does  not  contain 
the  names  of  all  who  attended  the  sessions,  is  composed  of  the 
names  of  members  and  guests  registered  at  the  headquarters. 

E.  O.  C.  Acker, Bethlehem,  Pa. 

William  Afflich, Ellsworth,  Pa. 

Edgar  A.  Ashcroft, London,  England. 

W.  S.  Ayres, Hazleton,  Pa. 

Mrs.  W.  6.  Ayres, Hazleton,  Pa. 

F.  E.  Bachman, Port  Henry,  N.  Y. 

Mrs.  F.  E.  Bachman, Port  Henry,  N.  Y. 

H.  Foster  Bain, Urbana,  111. 

David  Baker, Philadelphia,  Pa. 

Robert  M.  Bird, South  Bethlehem,  Pa. 

Cyrus  Borgner, Philadelphia,  Pa. 

Mrs.  Cyrus  Borgner, Philadelphia,  Pa. 

Miss  Borgner, Philadelphia,  Pa. 

Horace  Boyd, «...  Hokendauqua,  Pa. 

John  Boyer, Bethlehem,  Pa. 

Albert  Brodhead, Bethlehem,  Pa. 

Robert  E.  Brooke, Birdsboro,  Pa. 

Otto  C.  Burkhart, Bethlehem,  Pa. 

R.  C.  Carpenter Ithaca,  N.  Y. 

Charles  Catlett, Stounton,  Va. 

S.  H.  Chanvenet, Sheridan,  Pa. 

S.  P.  Christie, High  Bridge,  N.  J. 

Mrs.  S.  P.  Christie, High  Bridge,  N.  J. 

William  H.  Chandler, South  Bethlehem,  Pa. 

R  T.  Clymer, •    ....  Philadelphia,  Pa. 

F.  H.  Clymer, Reading,  Pa. 
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L.  a  Cljiner,  .   .    • BiegelsTiUe,  Pft. 

Mis.  L.  S.  Cljmer, BiegeUville,  Pa. 

W.  B.  Cogswell,  .   .  • '.   .  Syracuse,  N.  Y. 

Mrs.  W.  B.  Cogswell, Syracuse,  N.  Y. 

Frederick  Conlioy Bethlehem,  Pa. 

George  G.  Converse, South  Bethlehem,  Pa. 

Edgar  S.  Cook, Pottotown,  Pft. 

Mts.  Edgar  S.  Cook, Pottstown,  Pa. 

a  B.  Cook, Pottstown,  Pa. 

Edward  B.  Cook, Pottstown,  Pa. 

M.  B.  Cutter, Bethlehem,  Pa. 

Daniel  Davis, Alburtis,  Pa. 

Arthur  B.  de  Sanlles, South  Bethlehem,  Pa. 

Mrs.  Arthur  B.  de  SauUes, South  Bethlehem,  Pa. 

Mrs.  C.  M.  de  Saulles, South  Bethlehem,  Ptu 

John  H.  De  SauUes, New  York,  N.  Y. 

W.  A.  Doble, San  Franciscoj  Cal. 

Charles  M.  Dodson, Bethlehem,  Pa. 

P.  J.  Donohue, Salt  Lake  City,  Utah. 

B.  I.  Drake, New  York,  N.  Y. 

Henry  S.  Drinker,  .  • South  Bethlehem,  Pa. 

Howard  W.  DuBois,     PhiUdelphia,  Pa. 

Mrs.  Howard  W.  DuBois, Philadelphia,  Pa. 

Howard  Eckfeldt,  .   .  • South  Bethlehem,  Pa. 

Mrs.  Howard  Eckfeldt, South  Bethlehem,  Pa. 

George  R.  Elder, Ellsworth,  Pa. 

Lincoln  Ellsworth, Bethlehem,  Pa. 

William  Esty, Montdair,  N.  J. 

Ernst  F.  Enrich, Bethlehem,  Pa. 

Harold  G.  Eynon, Philadelphia,  Pa. 

Thomas  M.  Eynon, Philadelphia,  Pa. 

R  F.  Fackenthal,  Jr., Riegelsville,  Pa. 

Mrs.  B.  F.  Fackenthal,  Jr.,     .   .   / Biegelsville,  Pa. 

A.  B.  Fichter, Bethlehem,  Pa. 

Frank  Firmstone, Easton,  Pa. 

W.  S.  Franklin, Bethlehem,  Pa. 

John  Fritz, Bethlehem,  Pa. 

J.  W.  Fuller,  Jr., Catasauqua,  Pa. 

Mn.  J.  W.  Fuller,  Jr., Catasauqua,  Pa. 

R  W.  Furst, Cleveland,  O. 

James  (Jayley, •  .  New  York,  N.  Y. 

Fritz  Glein, Portoferraio,  Italy. 

G.  McM.  Godley, New  York,  N.Y. 

H.  H.  Godshall, Lonsdale,  Pa. 

Charles  Goodman, New  York,  N.Y. 

R.  W.  Gordon, Khyolite,  Nev. 

Charles  B.  Green, Easton,  Pa. 

Frank  Haas, Furmount,  W.  Va. 

N.  V.  Hansell, Lyon  Mt.,  N.  Y. 

F.  R  Haventick, Philadelphia,  Pa. 

C.  W.  Hayes, Washington,  D.  C. 

Homer  W.Hendricks, Bethlehem,  Pa. 
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Henry  H.  Hendshaw, Alb^y,  N.  Y. 

H.  V.  Hesse, Fairmouot,  W.  Va. 

L.  Holbrook, New  York,  N.  Y. 

Mra.  L.  Holbrook, New  York,  N.  Y. 

J.  H.  Holderoess, South  Bethlehem,  Pa. 

Garret  L.  Hoppes, Bethlehem,  Pa. 

Henry  M.  Howe, New  York,  N.  Y. 

G.  A.  HowellB, New  York,  N.  Y. 

Charles  £.  Hulick, Hellertown,  Pft. 

C.  8.  Hnrd, New  York,  N.  Y. 

Edward  S.  Hutchinson, Newtown,  Pa. 

Mrs.  Edward  S.  Hutchinson, Newtown,  Pa. 

Walter  Rlngalls, New  York,  N.  Y. 

John  D.  Irving, South  Bethlehem,  Pa. 

Woolsey  McA.  Johnson, lola,  Kan. 

Archibald  Johnston, Bethlehem,  Pa. 

W.  J.  Johnston, New  York,  N.  Y. 

Mrs.  W.  J.  Johnston, New  York,  N.  Y. 

J.  H.  Jowett, New  York,  N.  Y. 

Edward  K.  Judd, New  York,  N.  Y. 

James  F.  Kemp, New  York,  N.  Y. 

J.  8.  Kennedy, Stanhope,  N.  J. 

Pauls.  King,     New  York,  N.  Y. 

Charles  Kirchhofl, New  York,  N.  Y. 

Joseph  F.  Klein, Bethlehem,  Pa. 

I.  N.  Knapp, «...  Philadelphia,  Pa. 

S.  F.  Knapp, Cleveland,  O. 

Walter  6.  Landis, Bethlehem,  Pa. 

T.  Harry  Lee, Baltimore,  Md. 

Mrs.  T.  Harry  Lee, Baltimore,  Md. 

N.  Lilienberg, Phihidelphia,  Pa. 

Garrett  K  Linderman, South  Bethlehem,  Pa. 

Stuart  Lindesley, Orange,  N.  J. 

Mrs*  Stuart  Lindesley, Orange,  N.  J. 

C.  P.  Linville, State  College,  Pa. 

L.  P.  Lohne, Cleveland,  O. 

R  J.  McCausland, Ithaca,  N.  Y. 

£.  M.  Mcllvain, South  Bethlehem,  Pa. 

Mrs.  R  M.  Mcllvain, South  Bethlehem,  Pa. 

William  B.  Mcllvain, Beading,  Pa. 

Mrs.  William  R.  Mcllvain, Beading,  Pa. 

Henry  Maddock, Bethlehem,  Pa. 

Charles  A.  Matcham, Allentown,  Pa. 

Mrs.  Charles  A.  Matcham, Allentown,  Pa. 

Miss  C.  Matcham, Allentown,  Pa. 

Mr.  Sidney  H.  Matcham, Allentown,  Pa. 

C.  A.  Meissner, New  York,  N.  Y. 

Mansfield  Merriman, South  Bethlehem,  Pa. 

Harlan  C  Miner, Gloucester,  N.  J. 

N.  B.  Mitman, Philadelphia,  Pa. 

H.  S.  Munroe, New  York,  N.  Y. 

R  V.  Norris,  .       Wilkes-Barre,  Pa. 
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C.  L.  O'NeU, AUentown,  Pa. 

George  Ormrod,     AUentown,  Pa. 

Mrs.  George  Ormrod, AUentown,  Pa. 

Mifls  Ormrod,  .    .       AUentown,  Pa. 

I.  P.  Pardee, Hazleton,  Piu 

Mrs.  I.  P.  Pardee,     . Hazleton,  Piu 

E.  W.  Parker, Washington,  D.  C. 

G.  a  Pattewon, Vivian,  W.  Va. 

Mrs.  G.  S.  Patterson, Vivian,  W.  Va. 

Edmund  C.  Pechin, Bachanan,  Va. 

•Joseph  S.  Pendleton, Beading,  Pa. 

George  Pettinos, Bethlehem,  Pa. 

A.  L.  J.  Qaeneau, South  Bethlehem,  Pa. 

Boseiter  W.  Raymond,  .    .• New  York,  N.  Y. 

Thomas  T.  Read, New  York,  N.  Y. 

J.  W.  Reno,    .   .   , New  York,  N.  Y. 

Robert  Ridgway, New  York,  N.  Y. 

Thomas  Robins,  Jr., New  York,  N.  Y. 

Mrs.  Thomas  Robins,  Jr., New  York,  N.  Y. 

M.  K.  Rodgers, Seattle,  Wash. 

C.  W.  Roepper, Boston,  Mass. 

E.  F.  Bother, New  York,  N.  Y. 

Joseph  W.  Richards, Bethlehem,  Pa. 

Mrs.  Joseph  W.  Richards, Bethlehem,  Pa. 

Robert  H.  Richards, .  Boston,  Mass. 

James  F.  Sanborn, New  York,  N.  Y. 

John  F.  Saeger, AUentown,  Pa. 

Mrs.  John  F.  Saeger, AUentown,  Pa. 

Robert  H.  Sayre, South  Bethlehem,  Pa. 

Harry  J.  Seaman, Catasauqua,  Pa. 

Mrs.  Harry  J.  Seaman, Catasauqua,  Pa. 

Edward  Schroeder, New  York,  N.  Y. 

Abr.  S.  Schropp, •    .  Bethlehem,  Pa. 

J.  M.  Sherrerd, Easton,  Pa. 

Mrs.  J.  M.  Sherrerd, Easton,  Pa. 

F.  F.  Sharpless, New  York,  N.  Y. 

Porter  W.  Shimer, Easton,  Pa. 

R  M.  Shipps, Newburgh,  N.  Y. 

L.  Bennett  Smith, WUkesbarre,  Pa. 

Oberlin  Smith, *   >    -  Bridgeton,  N.  J. 

Mrs.  OberUn  Smith, Bridgeton,  N.  J. 

Miss  Smith, Bridgeton,  N.  J. 

Baird  Snyder,  Jr., Lansford,  Pa. 

Harrison  Souder, Cornwall,  Pa. 

Arthur  C.  Spencer, Washington,  D.  C. 

Morton  Stevens, Philadelphia,  Pa. 

Joseph  Struthers, New  York,  N.  Y. 

H.  H.  Stock, Scranton,  Pa. 

L.  S.  Sullivan, Bethlehem,  Pa. 

Knox  Taylor, Plainfield,  N.  J. 

Mrs.  Knox  Taylor, Plainfield,  N.  J. 

L.  H.  Taylor,  Jr., Philadelphia,  Pa. 
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John  W.  Thomas, Island  Park,  Pa. 

J.  R  Tyrrell, Dawson,  Y.  T.,  Can. 

Leonard  Waldo, Plainfield,  N.  J. 

B.  S.  Weaver,     Catasanqua,  Pft. 

Walter  Harvey  Weed, Washington,  D.  C. 

Mrs.  Walter  Harvey  Weed, WashinRton,  D.  C. 

Olaf  Wenstrom,     Boston,  Mass. 

Mannsel  White, Bethlehem,  Pa. 

Mrs.  Thomas  D.  Whitaker, Allentown,  Pa. 

W.  R  Whitmam, Philadelphia,  Pa. 

E.  P.  Wilbur, South  Bethlehem,  Pa. 

W.  A.  Wilbur, South  Bethlehem,  Pa. 

Eldridge  Wilbur, South  Bethlehem,  Pa. 

John  F.  Wilcox, :  .    .  Orange,  N.  J. 

William  S.  Winterateen, Bethlehem,  Pa. 

Charles  Ziegenfuss, Bethlehem,  Pa. 
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